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1 GAATTCCCAA ^^^'■^"^frff gf1^t*^*'r*«° taeacratittt cattetteeta 
51 etaateaota ertcaateat a»t:«reeaaa ggaewttg ttcccaccca 
101 gtctccAgca atcatgtctg catcteeagg 99ag«ftggtc aoc&tgacct 
151 ^e&gtgecag ctCMgtgta agttacatga aetggtacca 9c»9»agcca 
201 ^gcacctcec ccaaaagfttg 9atttat9&o aeatecsoac t^gctfcetgg 
.251 agteectgct cactteaggg gcagtgggte tgggaeotct tactctctca 
301 caatcagcgg c&tggaggct g&agatgctg ceaettatta ctgeeagcag 
351 tggagtagto acccattcac gttcggctcg gggacaaagt tggaaataaa 
401 ccgggctgat actgcaocaa ctgtatccal: cttcccacca tccagtgagc 
451 agttaacate tggaggtgoc tcagtcgtgt gcttcttgaa caacttctac 
501 occaaagaca tcaatgceaa gtggaagatt gatggeagtg aacgacaaaa 
551 tggcgtcctg aacagttgga ctga^agga cagcaaagac agcacetaca 
601 geatgagcag cacccteaeg ttgaeeaagg acrgagtatga aegacataac 
651 agctatacct gtgaggccac tcacaagaea tcaacttcac ccattgtcaa 
701 gagcttcaac aggaatgagt gtXAOAiBACA MCCTOCTCA CACOCCACCJi 
751 CCkGCTCeCA CCTCCMCCr.ASCXTeeCTT CTAAGCTCTT GGACCCTTCC 
•01 CCWAACCOC tTACOCICT I' CCU miCCTC tAAACCTCCT OCCfcCePCCI 
»S1 TCTCCTCCTC CrCCCTtTCC TTCCCTTTTA TCATGCTAAT ATTTOCAGAX 
901 AATATTCAAT JUUhGTCAOTC TTTQCCTTGA AAXXMMAA AM 



X uavamTSJ' tJLTSKSnXS RC QlViaQSP AIMSASPGEIC VTMTCSAS6S 

51 VSYMmnrOQK SCrSPXRirXY DTSKEASCVP ABfltCSCSCT SYSLTI8GKE 

lOl AEDAATYYCQ OtVSSBPFrrc SGTKUEUntA OTAPTVSZTP FSSEQLtSCG 

151 ASWCTLHNF ymiKVSUX IDCSCRQNCV UlSISXDQDSX DSTVSKSSTL 

301 TUXXDCVERH NSyTCEAtRK TSTSPIVKSr KIU>EC* 



2/28/2006, EAST Version: 2.0.3.0 



Fig. 1(a) 



Fig. Kb) 



2 



10 



16 



EP 0 620 276 A1 



Roldof the tnvention 

Tho present invention relates to humanised anfibody moleciries, to processes for their production using 
recombinant OUA tedinology, and to their therapeutic uses. 

The terni "humanised antibody molecule" in used to describe a molecule having an antigen binding site 
derived from an immunoglobutin from a non-human species, and remaintng Immunoglobufin^ierived parte of 
the molecule being derived from a human immunoglobulin. The antigen binding site tyfrically comprises 
complementarity detemiining regions (CDRs) which determine the binding specificity of the antibody 
molecule and which are earned on appropriate frameworic regions in tho variable drains. There are 3 
CDRs (CDR1, CDR2 and CDR3) in each of the heavy and Hght chain variable domains. 

In tho description, reference is made to a number of publications by number. The publications are listed 
in numerical order at the end of the description. 



Background of the Invention 



Natural immunoglobulins have been known for many years, as have the various fragments thereof, such 
as the Fab. (Fab'fe and f=c fragments, which can be derived by enrymatic cleavage. Natural inv 
munoglobuBns comprise a generally Y-shaped molecule having an antigen-bindHig site towards the end of 
each upper arm, Tbe remainder of tfie stnicture. and particularly the stem of the Y. mediates the effector 
20 functions associated with immunoglobulins. 

Natural immunoglobulins have been used in assay, diagnosis and, to a more fimited extent therapy. 
However, such uses, espeoally in therapy, were hindered until recentiy by tiw poiyclonal nature of natural 
immunoglobufins. A signiffeant step towards the realisation of the potentid of immunogtobulins as therapeu- 
tic agents was the discovery of procedures for the production of mono(^^ antibodies (MAbs) of defined 
25 spec^Ffcity (1). 

However, most MAbs are produced by hybridomas which are fusions of rodent spleen cells with rodent 
myekwna cefls. Tbey are flier^re essentially rodent proteins. There are very few reporte off the production 
of human MAbs, 

Since most available MAbs are of rodent origin, they are naturally antigenic in humans and ttuis can 
30 give rise to an undesirable immune response termed ttie KAMA (Human Anti-Mouse Antibody) response. 
Theiefwe, the use off rodent MAbs as ttierapeutic agents in humans is inherentty Omiied by the fact that the 
human subject wifl mount an immunological response to ttie MAb and wfll eittier remove it entirely or at 
least reduce its effectiveness. In practice. MAbs of rodent origin may not be used in patiente for more than 
one or a few treatments as a HAMA response soon develops rendering ttw MAb ineffective as well as 
35 giving rise to undesirable reactions. For instance, OKT3 a nrMwse lgG2a/k MAb which recognises an antigen 
in ttie T-cell reoeptor-CD3 complex has been approved for use in many countries throughout ttie world as 
an immunosuppressant in the freatment off acute allograft rejection [Chatenoud elal (2) and Jeffers etal (3h 
]. Hovrever. in view of ttie rodent nature of this and other such MAbs, a significant HAMA response which 
may include a major anti-idtotype component, may build up on use. Clearty. it would be highly desirable to 
40 diminish or abolish this undesirable HAMA response and tiios enlarge ttie areas of use of tfiese very useful 
antibodies. 

Proposals have therefore been made to render non-human MAbs less antigenfc in humans. Such 
technk^ues can be generically tenned "humanisation" techniques. These techniques lypicaMy involve the 
use off recomWnant Df^A technology to manipulate DNA sequences encoding Vne polypeptide ch^ns off the 
45 antitx)dy molecule. 

Early metfiods for humanising MAbs involved production of chimeric antibodies in wWch an antigen 
binding site comprising tfie complete variable domains of one antibody is linked to constant domains 
derived from another antibody. Methods for canrying out such chimerisation procedures are descrO^ed in 
BH)120e94 (Celltech Umited), Eff^125023 (Genentech tnc. and City of Hope), EP-A-0 171498 (Res. Dev. 

50 Ctorp. Japan), EP-A-0 173 494 (Stanford University), and WO 86/01533 (Celltech Umited). This latter 
CeUtech application (WO 86/01533) discloses a process for preparing an antibody molecule having the 
variable domains from a mouse MAb and the constant domains from a human immunoglobulin. Such 
humanized chimeric antibodies, however. stiU contain a significant proportion of non-human amino add 
sequence, i.e. ttie complete non-human variable domains, and ttius may still elicit some HAMA response. 

55 particularly if administered over a prolonged period [Begent etal (ref. 4)]. 

In an alternative approach. descn*bed in EP-A^)239400 (Winter), the complementarity determining 
regions (CDRs) off a mouse MAb have been grafted onto ttie frameworic regions of the variable domains of a 
human immunoglobufin by site directed mutagenesis using long oligonucleotides. The present invention 



3 



2/28/2006, EAST Version: 2.0.3.0 



EP 0 620 276 A1 



retertes to humanized antibody mdecules prepared acccMfding to this altomative approach, i^. CDR-grafted 
humanised antibody molecules. Such CDR-grafted humanized antibodies are much less Itkety to give itee to 
a HAMA response than humanised chimeric antibodies in view of the much lower proportkm of non-human 
amino add sequence whidi they contain. 

The earliest work on humanizing MAbs by CDR-grafting was carried cut on MAbs recognizing synthetic 
anfigons, such as the NP or NIP antigens. However, examples in which a mouse MAb recognizing lysozyme 
and a rat WlAb recognising an antigen on human T-celte were humanised by CDR-grafting have been 
described by Verhooyen et_al (5) and Riechmann eAjA (6) respectively. The preparation of CDR-grafted 
antibody to the antigen on human T ceUs is also descn^bed in WO 8OT7452 (Medical Research Coundl). 

in Riechmann et al/Mecfical Research Coundl It was fcnind that transfer of the CDR regions alone [as 
defined by Kabal refs. (7) and (8)] was not suffident to provide satisfactory antigen binding activity in the 
CDR^rafted product. Riedwnann ^jl found ttiat it was necessary to convert a serine residue at position 27 
of tfie human sequence to Oie corresponding rat phenylalanine residue to obtain a CDRrgrafled product 
having improved antigen binding activity. This residue at position 27 of the heavy chain Is wittiln the 
structural loop adjacent to CDRl. A furtfier constnict which additi'onally contained a human serine to rat 
tyrosine change at position 30 of the heavy chain did nrt have a significantJy altered binding acHvlty over 
the humanised antibody with tfie serine to phenylalanine change at position 27 alone. These resuHs indfcate 
tfiat changes to residues of the human sequence outside the CDR regions, in particular in ttie structural 
toop acljacent to CDRl, may be necessary to obtain effective antigen binding activity for CDR-grafted 
antibocBes vvhich recognise more complex antigens. Even so ttie bincfing affinity of ttie best CDR-grafted 
antibodies obtained was still signlflcantiy less tfian ttte original MAb. 

Very recentfy Queen ^al (9) have descn'bed ttie preparation of a humane antibody that iMnds to tiie 
interieukin 2 receptor, by combining ttie CORs of a murine MAb (anti-Tac) witti human immunogtobuBn 
frameworic and constant re^s. The human frameworic regions were chosen to maximise homology witti 
tiie anti-Tac MAb sequence. In addition computer modelling was used to identify frameworic amino add 
residues wtwch wore fikely to interact witfi ttie CDRs or antigen, and mouse amino adds were used at these 
posrtloris in the humanised antitxKly. 

In WO 90/07861 Queen et al propose four criteria for designing humanised immunoglobulins. The first 
criterion is to use as the human acceptor tiie frameworic from a particular human immunoglobuBn tfiat is 
unusually homologous to ttie non-human donor immunoglobulin to tie humanised, cm- to use a consensus 
frameworic from many human antibodies. The second criterion is to use ttie donor amino add rather tiian 
ttie acceptor ff ttie human acceptor residue is unusual and ttie donor residue is typical for human 
sequences at a spedfic residue of ttie frameworic The ttiird criterion Is to use ttie donor frameworic amino 
add residue rattier ttwi ttie acceptor at positions immediately adjacent to the CDRs. The fourth criterion is 
to use ttte donor amino add residue at frameworic positions at which the amino add is predicted to have a 
side chain atom wittiin about 3 A of tfie CDRs in a three-dimensional immunogloljulin model and to be 
capable of interacting witti the antigen or with the CDRs of ttie humanised immunoglobulin. It is proposed 
ttiat criteria two, ttiree or four may be applied in addition or alternatively to criterion one. and may be 
applied singly or in any comtxnation. 

WO 90/07861 <tescrit>es in detail tiie preparation of a single CDR-grafted humanised antit»ody, a 
humanised antibody having spedfidty for ttie p55 Tac protein of ttie fL-2 receptor. The combination of all 
four criteria, as above, were employed in designing ttils humanized antibody, ttte variable region firame- 
wortcs of ttte human antibody Eu (7) being used as acceptor. In ttie resultant hdmnanised antibody ttie donor 
CDRs were as defined by Kattat et al (7 and 8) and in addition ttie mouse donor residues were used in 
place of ttie human acceptor residues, at positions 27. 30, 48, 66. 67, 89. 91, 94. 103. 104. 105 and 107 in 
the heavy chain and at positions 48. 60 and 63 in ttie Kght chain, of ttte variable region framewortcs. The 
humanised anti-Tac antibody obtained is reported to have an affinity for p55 of 3 x 10^ M-', about one-ttiird 
of that of the murine MAb. 

We have further investigated ttie preparation of CDR-grafted humanised antibody molecules and have 
identified a hierarchy of positions witttin ttie frameworic of the variable regions O-©- outeide botti ttte Kabat 
CDFts and structural loops of the variatxie regions) at which ttte amino add identities of ttte residues are 
important for obtaining CDR^rafled products witti satisfactory binding affinity. This has enabled us to 
establish a protocol for obtaining satisfactory CDR-grafled products which may be applied very widely 
irrespective of ttie level of homology between the donor immunoglobulin and acceptor frameworic. The set 
of residues which we have identified as being of critical importance does not coindde witti ttte residues 
identified by Queen el^ (9). 
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Summary of the Invention 

Acoonfingly. in a first aspect the invention provides a CDR-grafled antibody heavy chain having a 
variat)le region domain comprising acceptor firameworlc and donor antigen trindlng regions wherein the 
5 framework comprises donor residues at at least one of positions 6. 23 and/or 24. 48 and^or 49. 71 and/or 
73, 75 and/or 76 and/or 78 and 88 and/or 91 . 

In preferred embodiments, the heavy chain framework comprises donor residues at positions 23, 24. 4Q. 
71. 73 and 78 or at positions 23, 24 and 49. The residues at positions 71, 73 and 78 of the heavy chain 
framework are preferably either afl acceptor or all donor residues. 
10 In particularly preferred embodiments the heavy chain framework additionally comprises donor reddues 
at one, some or aU of positions 6. 37, 48 and 94. Also H is particularly prefened that residues at positions of 
the heavy chain framework whfch are commonly conserved across species, i^. positions 2. 4, 25, 36, 39, 
47. 93, 103, 104, 108 and 107, if not consented between donor and acceptor, addittonally comprise donor 
residues. Most preferably the heavy chain framework additionally comprises donor residues at positions 2. 
15 4. 6. 25. 36. 37, 39. 47. 48. 93, 94. 103. 104. 108 and 107. 

In addition the heavy chain framework optionally comprises donor resWues at one. some or all of 



35 



1 and 3, 
72 and 76, 

20 69 (If 48 is different between dofwr and acceptor), 
38 and 46 Of 48 is ttie donor residue), 
80 and 20 Of 69 is the donor residue). 
67. 

82 and 18 Of 67 is the donor residue). 
25 91. 
88. and 

any one or more of 9, 11, 41, 87. 108, 110 and 112. 

In the first and otiwr aspects of ttw present invention reference is made to CDR^rafted antibody 
products comprising acceptor frameworic and donor antigen bincfing regions. It will be appreciated that tfie 
30 invention is widely appllcaWe to tire CDR-grafting of antibodies in general. Thus, the donor and acceptor 
antibodies may be derived from animals of the same species and even same antibody dass or sub-class. 
More usually, however, ttw donor and acceptor antibodies are derived from animals of different species. 
Typically tfie donor antibody is a non-human antibody, such as a rodent MAb, and the acceptor antibody is 
a human antibody. . . lu 

In tiw first and ott^er aspects of the present invention, the donor antigen binding region typically 
comprises at least one CDR from the donor antibody. Usually tiie donor antigen binding r^ion comprises 
at least two and preferably all three CDRs of each of the heavy chain and/or aght chain variable regions. 
The CORs may comprise the Kabat CDRs. the stnictural loop CDRs or a composite of tfw ICabat and 
stojctural loop CDRs and any combination of any of fliese. Preferably, the antigen binding regions of ttie 
40 COR-^fted heavy chain variable domain comprise CDRs OKresponding to ttie Kabat CORs at CDR2 
(residues 50^) and CDR3 (rescues 95-100) and a composHe of the Kabat and structural toop CDRs at 
CDRl (resWues 26-35). 

The residue de^gnations given above and elsewhere in ttie present appfication are numbered accord- 
ing to ttie Kabat numbering [refs. (7) and ^)]. Thus ttie reskJue designations do not always correspond 

45 directty witti ttie linear numbering of ttie amino acid resWues. The actual linear amino acid sequence may 
contain fewer or additional amino acids ttian in ttie strict Kabat numbering corresponding to a shortening of. 
or insertion into, a structural component, whettier frameworic or CDR, off tfie basic variable domain structure. 
For example, ttie heavy chain variable region of ttie anti-Tac antibody described by Queen etal <9) contains 
a single amino acid insert (residue 52a) after reskJue 52 of CDR2 and a tfiree amino add insert (residues 

50 82a. 82b and 82c) after frameworic residue 82. in ttie Kabat numbering. The correct Kabat numbering of 
residues may be determined for a given antibody by alignment at regions of homology of tiie sequence of 
ttie antibody witti a "standard" Kabat numbered sequence. 

The invention also provides in a second aspect a CDR-grafted antibody light chain having a variable 
region domain comprising acceptor frameworic and donor antigen binding regions wherein ttie frameworic 

55 comprises donor residues at at least one of positions 1 and/or 3 and 46 and/or 47. Preferably the CDR 
grafted light chain of tfie second aspect comprises donor residues at positions 46 and/or 47. 

The invention also provides in a ttiird aspect a CDR-grafted antibody light chain having a variable region 
domain comprising acceptor frameworic and donor antigen binding regions wherein ttie framework com- 
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prises donor residues at at least one of positions 46. 48. 58 and 71. 

In a preferred embodiment of the third aspect, the framework comprises donor residues at all of 
po^ons46.48,58and71. 

bi particul^ preferred emtwdiments of the second and third aspects, the framework additionaBy 
comprises donor residues at positions 36, 44, 47, 85 and 87. Similarly positions of the light chain framework 
which are commonly conserved across species, i.e. portions 2. 4. 6, 35. 48, 62. 64-69. 98. 99. 101 and 
102. if not consenred t)etween donor and acceptor, additionally comprise donor residues. Most preferalrfy 
the li^t chain framework additionally comprises donor residues at posilfons 2, 4. 6, 35, 36, 38. 44, 47, 48. 
62. 64-69. 85. 87. 98. 99, 101 and 102. 

b additton the framework of the second or third aspects optionaUy comprises donor residues at one. 
some or all of posittons: 
1 and 3. 
63. 

60 (if 60 and 54 are at>le to fonn at potential saltt)rid9e). 
70 fif 70 and 24 are able to form a potential saltt>rklge), 
73 and 21 fif 47 is different between donor and acceptor), 
37 and 45 Of 47 is different between donor and acceptor), 
and 

any one or more of 10, 12, 40. 80, 103 and 105. 

PieforaWy the antigen binding regions of the CDH-grtfted light chain variable domain comprise CDRs 
corresponding to the Kabal CDFIs at CDR1 (resWue 24-34), CDR2 (residues 5M8) and CDR3 {residues 89- 
97). 

The invention further prowdes in a fourth aspect a CDR-graffced antibody molecule compnsing at least 
one CDR-grafled heavy chain and at least one CDR^rafted light chain according to the first and second or 
first and third aspects of the inventton. 

The humanised antibody molecules and chains of the present invention may comprise: a complete 
antibody molecule, having full length heasfy and light chains; a fr^ment thereof, such as a Fab, (Fab')2 or 
FV fragment; a Dght chain or heavy chain monomer or dimer; or a single chain antibody, e^. a snigle chain 
FV in which heavy and l^ch^n variable regkwis are joined by ap^e linken or any other CDR-grafled 
molecule with the same spedficity as the original donor antibody. Similariy the CORrgrafted heavy and fight 
chain variable region may be combined witti other antibody dommns as appropriate. 

Also tt» heavy or light chains or humanised antibody molecules of the present invention may have 
attached to them an effector or reporter molecule. For instance, it may have a macrocycle. for chelating a 
heavy metal atom, or a toxin, such as ridn. attached to it by a covalent bridging structore. Aftematively, ttie 
procedures of recombinant DMA technotogy may be used to produce an immunoglobunn molecule in which 
tiie Fc fragment or CH3 domain of a complete immunoglobulin molecule has been replaced by, or has 
attached thereto by peptide linkage, a functional non-immunoglobulin protein, such as an enzyme or toxin 
molecule. 

Any appropriate acceptor variable region trameworit sequences may be used having regard to 
classftype of the donor antibody from which the antigen binding regions are derived. Preferatrfy. ttw type of 
acceptor framewort< used is of the same/similar classftype as the donor antibody. Convenientiy, the 
framewortc may be chosen to maximise/optimise homology wltti tfie donor antibody sequence particulariy at 
positions dose or adjacent to tfte CDRs. However, a high level of homotogy between donor and acceptor 
sequences is not important for application of ttw present invention. The present invention identifiw a 
hierarchy of frameworic residue positions at which donor residues may be important or desirable for 
obtaining a COR-grafted antibody product having satisfactory binding properties. The COR-grafted products 
usually have binding affinities of at least 10^ Mr\ preferably at least about 10» M-\ or espedaMy in tf^e 
range 10*-10^2 ^-i |n principle, tiie present invention is applicable to any combination of donor and 
acceptor antibodies irrespective of ttie level of homology between tiieir sequences. A protocol for applying 
tiie invention to any particular donor-acceptor antibody pair is given hereinafter. Examples of human 
frameworics which may be used are KOU NEWM. RB. EU, LAY and POM (refs. 4 and 5) and ttie fike: tor 
instance KOL and NEWM for ttie heavy chain and REI for ttie Dght chain and EU. LAY and POM for botii 
ttie heavy chain and ttie light chain. 

Also ttie constant region domains of ttie products of ttie Invention may be selected having regard to ttie 
proposed function of tfie antibody in particular ttie effector functions which may be required. For example, 
the constant region domains may be human IgA, IgE. IgG or IgM domains. In partfcular. IgG human 
constant region domans may be used, espedally of tfie IgGi and lgG3 i^pes. when ttie humanised 
antibody molecule is intended for therapeutic uses, and antibody effector functions are required. Alter- 
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nati\f8ly, lgG2 and lgG4 isotypes may b© used when the humanised antft)ody molecule is intended for 
therapeutic purposes and antil>ody effector functions are not required. e.g. for simple iJtocWng of lym- 
phokine activity. 

However, the remainder of the antilxKly molecuies need not comprise only protein sequences from 
immunogtolMJiins. For instance, a gene may be constructed in which a DMA sequence encoding part of a 
human immunoglobulin chain is fused to a ONA sequence encoding the amino acid sequence of a 
functional polypeptide such as an effector or reporter molecule. 

Preferably the CDR-graftad antibody heavy and Hght ch^n and antibody molecule products are 
produced by recombinant DMA tedinology. 

Thus in further aspects the invention also indudos DNA sequences coding for the CDR-grafted heavy 
and light chains, cloning and expression vectors containing the DNA sequences, host cells transfbnned with 
the DNA sequences and processes for producing the CDR-grafted chains and antibody molecules 
comprising expressing ftte DHA sequences fx\ the transformed host celts. 

The general methods by which the vectors may be oonstnjcled. transfeclion methods and culture 
methods are well known perse and form no part of the invention. Such methods are shown, for instance, in 
references 10 and 11. 

The DNA sequences which encode the donor amino add sequence may be obtained by methods wefl 
known in the art. For example the donor coding sequences may be obtaned by genomic cloning, or cDNA 
cloning from suitable hybridoma cell fines. Positive ckmes may be screened usfrig appropriate probes for 
the heavy and light chain genes in questton. Also PGR cloning may be used. 

DMA coding for acceptor. e.g. human acceptor, sequences may be obtained In any appropriate way. 
For example DNA sequences coding for preferred hunutn acceptor frameworks such as KOI., RB, EU and 
NEVM, are vndely avaiteble to workers in the art 

The standard techr^ues of molecular biology may be used to prepare DNA sequences coding for the 
CDR-grafted products. Desired DNA sequences may be synthesised completoty or In part using 
oGgonucleotide synthesfe techniques. Site-directed mutagenesis and polymerase chain reaction (PGR) 
techniques may be used as appropriate. For example ofigonudeottde directed synthesis as descried by 
Jones el_al (rof. 20) may be used. Also oligonudeotide drreded mutagenesis of a pressing variable 
region as, for example, described by Verhoeyen elal (ref. 5) or Riechmann etal (ref, 6) may be used. Also 
enzymatic filling in of gapped ofigonudeotides using T* DNA polymerase as. for example, descrftjed by 
Queen etal (ref. 9) amy be used. 

Any suitable host cettAreclor system may be used for expression of tire DNA sequences coding for the 
CDR-grafted heavy and light chains. Bacterial e.g. coB , and other mtaoWal systems may be used. In 
parb'cular for expression of antibody fragments such as FAb and (Fab'fe fragments, and especially FV 
fragments and single chain antibody fragments e.g. single chain FVs. Eucaryotic e.g. mammalian host cell 
expresaon systems may be used for production of larger CDR-grafted aiitibody products, including 
complete antibody molecules. Suitable mammalian host cells Include CHO cells and myeloma or hybridonia 
cell fines. , 

Thus, In a further aspect the present invention provides a process for producing a CDR-grafted antibody 
product compri^ng: 

(a) producing in an expression vector an operon having a DNA sequence whk:h encodes an antibody 
heavy chain according to the first aspect of the invention; 

and/or 

(b) producing in an expression vector an operon having a DNA sequence which encodes a complemen- 
tary antibody light chain according to ttie second or third aspect of ttie invention; 

(c) transfecting a host celt witii the or each vector; and 

(d) culturing ttie transfected cell line to produce the CDR-grafted antibody product 

The CDR-grafted product may comprise only heavy or light chain derived polypeptide, in which case 
only a heavy chain or light chain polypeptide coding setpience is used to transfect the host cells. 
For production of products comprising both heavy and light chains, tfie cell line may be transfected with two 
vectors, ttie first vector nuiy contain an operon encoding a light chain-derived polypeptide and the second 
vector containing an operon encoding a heavy chain-derived polypeptide. Preferably, the vectors are 
identical, except in so far as the coding sequences and selectable maricers are concerned, so as to ensure 
as far as possible that each polypeptide chain is equally expressed. Altematively, a single vector may be 
used, tiie vector including ttw sequences encoding both light chain- and heavy chain-derived polypeptides. 

The DNA in the coding sequences for tfie light and heavy chains may comprise cDNA or genomic DNA 
or both. However, it is preferred that the DNA sequence encoding the heavy or tight chain comprises at 
least partially, genomic DNA, preferably a fusion of cDNA and genomic DNA. 
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The present Uwention is appfic^le ta antilwdias of any appropriate specificity. Advantageously, 
however, the invention may be applied to the humanisation of non-human antibodies which are used for in 
vivo therapy or diagnosis. Thus the antibodies may be site^specific antibodies such as tumour-spedfic or 
^ surface-specific antibodies, suitable for use in in vivo therapy or diagnosis. e.g. tumour imaging. 
Bcamples of cell surface-specific antibodies are anl^T ceU antibodies, sudh as anti-CD3. and CD4 and 
adhesion motecules. such as CR3. ICAM and ELMA, the antibodies may have specificity for interteuldns 
Onduding lymphokines. growth fartors and stimulating factors), honnones and other biotogically active 
compounds and receptors for any off these. l=or example, the antibodies may have specificity for any of the 
following: Interferons iS, 7 or 5. IL1 . 115. H^, or IL4. ete.. TNF. GCSF. GMC8F. EPO. hGH. or insuRn. ete. 

"me the present invention also includes therapeulic and diagnostic compositions comprising the CDR- 
grafled products of the invention and uses of such compositions in therapy and diagnosis. 

Accordingly in a further aspect the invention provides a therapeutic or diagnostic compositfon compris- 
ing a CDR-grafted antibody heavy or Hght chain or molecule according to previous aspects of the invention 
in combination with a pharmaceulically acceptable carrier, diluent or excipient 

Accordingly also the mvenfion provides a method of therapy or diagnosis compri^ng adminislering an 
effective amount of a CDR-grafted antibody heavy or light chain or molecule acconJing to previous aspects 
of the Invention to a human or animal sut^ect 

A preferred protocol for obtaining CDR-grafled antibody heavy and light dwins in accordance with the 
present invention Is set out below together with the rationale by which we have derived this protocol. TWs 
protocol and rationale are given without prejudice to the generality of tiie invention as herwnbefore 
described and defined. 



Protocol 

It is first of aU necessary to sequence the OHA cocfing for the heavy and light chain variable regions of 
tfte donor antibody, to delennine their amino acid sequences- It is also necessary to choose appropriate 
acceptor heavy and light chain vart^ regions, of known amino add sequence. The CDR-grafted chan Is 
then designed starting from the basis of the acceptor sequence. It wifi be appreciated tfrai In some cases 
m donor and acceptor amino add residues may be identical at a particular position and thus no change of 
acceptor framework residue is required. 

1. As a first step donor residues are substituted for acceptor residues in tiw CDRs. For this purpose tiie 
CDRs are preferably defined as follows: 

Heavy chain - CDR1 : residues 26-35 

- CDR2: residues 50-65 

- CDR3: residues 95-102 
Light chain - CDRI : residues 24-34 

- CDR2: residues 50-56 

- CDR3: resklues 8^7 

The positions at which donor residues are to be substituted for acceptor in tiie framework are ttien 
chosen as fdkwvs. first of alt witti respect to the heavy chain and subsequentty with respect to the fight 
chain. 

2. Heavy Chain ^ . „ ^ 

2.1 Choose donor residues at afl of positions 23, 24. 49, 71 . 73 and 78 of ttw heavy chain or all of 
positions 23, 24 and 49 (71 , 73 and 78 are always either all donor or all acceptor). 

2.2 Check tiiat the foltowing have the same amino add in donor and acceptor sequences, and if not 
preferably choose the donor: 2. 4, 6, 25. 36, 37. 39. 47. 48. 93. 94, 103. 104. 106 and 107. 

2.3 To further optimise affinity consider choo^ng donor residues at one, some or any of: 
i. 1. 3 

U.72,76 

iii. If 48 is different between donor and acceptor sequences, consider 69 

iv. If at 48 tiie donor residue is chosen, consider 38 and 46 

V. If at 69 the donor residue is chosen, consider 80 and ttien ^ 

vi. 67 

vii. If at 67 the donor residue is chosen, consider 82 and then 18 

viii. 91 

ix. 88 

X. 9,11,41.87, 108.110.112 

3. Light Chain 
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ai Choose donor at 46. 48. 58 and 71 

Z2, Check that the ftrflowing have the same amino acid in donor and acceptor sequences, if not 
preferably cfioose donor: 

2, 4. 6, 35. 38. 44. 47, 49. 62. 64-69 indusive. 85, 87, 98. 99. 101 and 102 

3.3 To further optimise affinity consider choosing donor residues at one, some or any ot 

i. 1.3 

ii. 63 

lii. 60. rf 60 and 54 are able to form potential saltbridge 
iv. 70, if 70 and 24 are able to fdnm potential saltbridge 
V. 73, and 21 if 47 is different belvifTOn donor and acceptor 

vi. 37, and 45 if 47 is different between donor and acceptor 

vii. 10, 12. 40, 80. 103, 105 

ftetionale 

In order to transfer the binding ^ of an antibody into a different acceptor framework, a number of 
factors need to k)e con^dered. 

1. The extent of the CDRs 

The CDRs (Complementary Determining Regions) were defined by Wu and Kat>at (rofs. 4 and 5) on the 
basis of an analysis of the variability <rf different regions of antibody variable regions. Three regions per 
domain were recognised. In the light <fhain the sequences are 24-34, 50-56. 8^7 (numbering according 
to Kabat (ref. 4), Eu Inctex) mChisive and in the heavy chain the sequences are 31-35. 5(^65 and 95-102 
tndushfe. 

When antibody stnictures became avaliable it became apparent that these CDR regkms cor- 
responded in the main to loop regions Which extended from the fi bOTrel framework of the light and 
heavy variable domains. For Hi there was a discrepancy in that the loop vias from 26 to 32 indu^ and 
for H2 the loop was 52 to 56 and for L2 from 50 to 53. However, with the exoepfion of HI ttie CDR 
regkms encompassed the toop regkins and extended into the ^ strand frameworks. In Hi re^due 26 
tends to be a serine and 27 a phenylalanine or tyrosine, resWue 29 is a phenylalanine In most cases. 
Residues 28 and 30 whfch are surface rescues exposed to solvent might be involved in antigen-binding. 
A prudent definition of the HI CDR therefore would indude residues 26^ to include both the loop 
regkm and the hypervariable reskiues 33-35. 

It is of Interest to note the example of ffiechmann eyd (ref. 3). who used the residue 31-35 choice 
for CDR-H1. In order to produce efftetent antigen binding, residue 27 also needed to l^e recruited from 
the donor (rat) antibody. 

2. (ton-CDR residues which contribute to antigen binding 

By examination of available X-ray stnictures we have identified a number of reskiues which may have an 
effect on net antigen binding and which can be demonstrated by experiment These residues can be 
sutKlfvided into a number of groups. 

2.1 Surface residues near CDR [all numbering as in Kabat etaJ (ref. 7)1. 

2.1.1. Heavy Chain - Key reskiues are 23. 71 and 73. Other reskiues which may contribute to a 
lesser extent are 1, 3 and 76. Rnally 25 is usually conserved but the murine residue should be 
used if there is a difference. 

2.1.2 Light Chain - Many residues close to the CDRs, e.g. 63. 65. 67 and 69 are conserved. If 
conserved none of the surface residues in the light chain are Gkely to have a m^r effect 
However, if the murine residue at these positions is unusual, then it would be of benefit to analyse 
the likely contribution more closely. Other residues which may also contrilnrte to binding are 1 and 
3. and also 60 and 70 if the reskiues at these positions and at 54 and 24 respectively are 
potentially able to fwm a salt bridge i.e. 60 + 54; 70 + 24. 

2.2 Packing residues near the COBs. 

2.2.1. Heavy Chain - Key residues are 24, 49 and 78. Other key residues would be 36 if not a 
tryptophan. 94 if not an ar^nine. 104 and 106 if not glycines and 107 if not a threonine. Residues 
whfch may make a further contribution to slaWe packing of the heavy chain and hence improved 
affinity are 2, 4. 6, 38. 46, 67 and 69. 67 packs against the CDR residue 63 and this pair could be 
either both mouse or both human. Finally, reskiues which contribute to packing in this region but 
from a tonger range are ia 20. 80, 82 and 86. 82 packs against 67 and in turn 18 packs against 
82. 80 packs against 69 and in turn 20 packs against 80. 86 forms an H bond network with 38 and 
46. Many of the mouse-human differences appear minor e.g. Ijeu-lle. but could have an minor 
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impact on correct packing wtiicti could translate into altered positioning of tiie CDRs. 
2.22, Ught Chain - Key residues are 48, 58 and Tl. Other Icey residues would be 6 if not 
glufamine. 35 if not tryptophan, 62 H not phenylalanine or Iryoane. 64. 68, 68. 69 and 101 if not 
glycines and 102 if not a threonine. Residues which mate a further conlribulton are 2. 4. 37. 45 
and 47. Finally residues 73 and 21 and 19 may make tong distance packing contributions of a 
minor nature. 

2 3 Residues at the variable domain interface between heavy and light chains - In both the fight and 
heavy chains most of the non-CDR interface residues are conserved. If a conserved residue is 
replaced by a residue of different character, e.g. size or charge, it should be considered for retention 

as the murine r^kJue. . . w.^ 

2 3 1 Heavy Chain - Residues which need to be consklered are 37 if the residue is not a valine but 
is off larger side chain volume or has a charge or polarity. Other residues are 39 if not a glutamine. 
45 if not a leucine. 47 if not a tryptophan. 91 if not a phenylalanine or tyrosine, 93 if not an alanine 
and 103 if not a tryptophan. ReskJue 89 is also at the interface but is not in a po^lkm where the 
side chdn couW be of great impact „ ^ 

2.32 Ught Chain - ResWues which need to be considered are 36. if not a tyrosine, 38 if not a 
giMtamine, 44 if not a proTine. 46. 49 if not a tyrosine. resWue 85. residue 87 if not a tyrosine and 
98 if note phenylalanine. 

2-4. Variable-Conslant region interface - The elbow angle between variable and constant regions may 
be affected by aWerations in packing of key residues in ttie variable region against the constant region 
which may effect the portion of Vt and V„ with respect to one another. Therefore ft is worth noting 
the residues likely to be in contact with the constant regkm. hi the heavy chain the surface residues 
potentistfly in contact vrith the variable region are conserved between mouse and human antibodies 
therefore the variable regton contact residues may influence the V-C interaction. In the light chain the 
amino adds found at a number of the constant regkwi contact points vary . and the V & C regions are 
not in such dose proximity as the heavy chain. Therefore the inffoences of the fight dwin V-C 
interiaoe may be minor. 

2A1. Heavy Chain - Contact residues are 7. 11, 41. 87, 108. 110, 112. 

2.4^ Ught Chain - In the light chain potentiafly contacting resklues are 10, 12, 40. 80, 83. 103 and 
105. 

The above analysis coupled with our considerable practical experimental experience in the CDR- 
graffing of a number off different antibodies have lead us to the protocol given above. 

The present invention is now described, by way of example only, with reference to the accompanying 
Figures 1 - 13. 

Brief Descriptfon off the f=tgures 

Rgure 1 shows DNA and amino add sequences of the 0KT3 light chain; 

Figure 2 shows DNA and amino add sequences of the 0KT3 heavy chain; 

Rgure 3 shows the alignment of the 0ICT3 light variable region amino add sequence with that of the 
tight variable region of the human antibody RB; 

Figure 4 shows the aRgnment of the 0KT3 heavy variable region amino add sec^ence with that of 
the heavy variatMe regkm of the human antibody KOL; 

Figures shows the heavy variable region amino acid sequences of 0KT3. KOL and various 
corresponding CDR grafts; 

Rgure 6 shows the light variable region amino add sequences of 0KT3. REI and various cor- 
responding CDR grafts; 

Rgure 7 shows a graph of bindng assay results for various grafted 0KT3 antibodies' 

Rgure 8 shows a graph of btoddng assay results for various grafted Oia3 antibodies; 

Rgure 9 shows a similar graph of btocWng assay results; 

Rgure 10 shows similar graphs for both binding assay and blocking assay results; 

Figure 1 1 shows further similar graphs for both binding assay and btoddng assay results; 

Rgure 12 shows a graph of competition assay results for a minimally grafted OKT3 antibody 
compared with the OiCTS murine reference standard, and 

Rgure 13 shows a similar graph of competition assay results comparing a fully grafted 0KT3 
antibody with the murine reference standard. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



EXAMPLE 1 

CDR-^RAFTINO OF 0KT3 
MATERIAL AND METHODS 

1. INCOMING CELLS 

Hybridoma cells producing antibody 0KT3 were provided by Ortho (seedlot 4882.1) and were grown up 
m antibiotic free Dulbecoo's Motfified Eagles Medium (DMEM) supplemented with glutamine and 5% 
foetal calf serum, and divided to provide both an overgrown supernatant for evaluation and cells for 
extraction of RNA The overgrown supernatant was sttown to contain 250 ug/rnL murine tgQ2a/kappa 
antibody. The supennatant was negative for murine tembda light chain and lgG1, IgG^, lgG3, IgA and 
IgM heavy chain. 20mL of supernatant was assayed to confirm that the antibody present was OKT3. 

2. MOLECULAR BIOLOGY PROCEDURES 

Basic molecular biology procedures were as descnlied in Maniatis et al (ref. 9) with. In some cases, 
minor modifications. DNA sequencing was performed as described in Sanger et al (ref. 11) and the 
Ameisham International Pic sequencing handbook. Site directed mutagene^ was as descried in 
Kramer et_^ {r«f. 12) and the AngPan Biotechnology LW. handbook. COS ceU expression and metabolic 
labemng studies were as desofbed in Whittle et al (ref. 13) 

3. RESEARCH ASSA^ 

3.1. ASSEMBLY ASSAYS Assembly assays were performed on supemaiants from transfected COS 

cells to determine the amount of intact IgG present 

3.1.1. COS CELLS TRANSFECTED WITH MOUSE OKT3 GENES The assembly assay for Intact 
mouse IgG in COS cell supemaiants was an EUSA wtth the folkywing format 
d8 weO microtitre plates were coated with l=(ab')2 goal anti^nouse IgG Fc. The plates were washed 
in water and samples added for 1 hour at room temperature. The frfates were vrashed and F(ab*)2 
goat anti^ouse IgG F(ab')2 (HRPO conjugated) was then added. Substrate was added to reveal 

the reaction. UPC10, a mouse lgG2a myetoma, was used as a standard. 

3.12. COS AND CHO CELLS TRANSFECTED WITH CHIMERIC OR CDR-GRAFTED 0KT3 
GENES 

The assembly assay for chfrneric or CDR-grafted antibody in COS cell supematants was an EUSA 
with the foltowing fonnat 

98 well microtitre plates were coated v«th F(ab')2 goat anti-human IgG Fc. Tlie plates were 
washed and samples added and incubated for 1 hour at room temperature. The plates were 
washed and monoclonal mouse anti-human kappa chain was added for 1 hour at room tempera- 
ture. 

The plates were washed and F(a4)*)2 goat anti-mouse IgG Fc (HRPO conjugated) was added. 
Enzyme substrate vras added to reveal the reaction. Chimeric B72.3 (lgG4) (ref. 13) was used as a 
standard. The use of a monoclonal antHcappa chain in this assay allows grafted antibodies to be 
read from the chlnwric standard. 
3.2 ASSAY FOR ANTIGEN BINDING ACTIVITY 

Material from COS cell supematants was assayed for 0KT3 antigen binding activity onto CD3 positive 
ceils in a direct assay. The procedure was as follows: 

HUT 78 cells (human T cell fine, C03 positive) were maintained in culture. Monolayers of HUT 78 
cells were prepared onto 96 vrell EUSA plates using poly-LHysine and glutaraWehyde. Samples were 
added to the monolayers for 1 hour at room temperature. 

The plates were washed gently using PBS. F(ab*)2 goat anti-human IgG Fc (HRPO conjugated) or F- 
(ab')2 goat anti-mouse IgG Fc (HRPO conjugated) was added as appropriate for humanised or mouse 
samples. Sut>strate was added to reveal tiie reaction. 

The negative control for the cell-based assay was chimeric B72.3. The positive control was mouse 
Orthomune 0KT3 or chimeric 0KT3. when available. This cell-based assay was difficult to perform, 
and an alternative assay was developed for CDR-grafted 0KT3 which was more sensitive and easier 
to carry out. 

In this system CDR-grafted 0KT3 produced by COS cells was tested for its ability to bind to the CD3- 
positive HPS-ALL (human peripheral blood acute lymphocytic leukemia) cell line. It was also tested for 
its ability to block the binding bf murine 0KT3 to tfiese cells. Binding was measured by the following 
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procedure: HPB-ALL cells weie harvested from tissue culture. Cells were incubated at 4*>p tori hour 
with various dilutions of test antibody, positive control antibody, or negative contr<M »rtibody. The cells 
were washed once arxJ incubated at 4*C for 1 hour with an FlTC-labelled goat anli-huinan IgG (Fo- 
specific, mouse absorbed). The cells were washed twice and analysed by cytofluorography. Chhfneric 
0KT3 was used as a positive control for direct binding. Cells incid>^ed with mock- transfected COS 
cell supernatant, followed by the RTC^abelled goat anH-human IgG, provided the negative control. To 
test the abiHty of CDR-grafled 0ICT3 to block murine 0KT3 binding, the HPB-Aa cells were 
incubated at 4<*C for 1 hour with various dilutions of test antibody or control antibody. A lb<ed 
saturating amount of FITC OKVZ was added. The samples were incubated for 1 hour at 4"C, washed 
twice and analysed by cytofluorography. ffTTWabelted OKTa was used as a positive control to 
determine maximum twiding. Unlabelled murine OKT3 served as a reference standard for blocking. 
Negative controls were unstained cells with or without mock-fransfecled cell supernatant The ability of 
the CDR-grafted OKT3 Kghl chain to bind CD3-positive cells and btock the binding of murine OICTS 
was initially tested in combination with the cWmerte 0KT3 heavy <*ain. The chimerfc 0KT3 heavy 
chain is composed of the murine 0KT3 variable region mid the human lgG4 constent region. The 
chimeric heavy chain gene is expressed in the same expres^on vector used for the CDRrgrafted 
genes. T?ie CDR-grafted lifi^it chain expresskm vector and the chimeric heavy chain expression vector 
were co-fransfected into COS cells. The fully chimeric OKTS antibody (chimeric lij^ chain and 
chimeric heavy chain) was found to be fully c^>abte of bIncKng to CD3 positive ceDs and blocking the 
binding of murine 0KT3 to these cells. 
3^ DETERMINATION OF REl-ATIVE BINDING AFRNITY 

TTie relative twwfing affinilies of CDftgrafted anthCD3 monoclonal aniibocfies were detemnined by 
competifion binding (ref. 6) using flie HPB-ALL human T oefi line as a source of CDS antigen, and 
fluorescein-cof^ugated murine 0103 (R-OKTS) of known binding affinity as a tracer antibody. Tlie 
binding affinity of FWKTS tracer antibody was determined by a direct binding assay in which 
increasing amounts of Fl-OKTS were incubated with HPB-AU (5x10?) in PBS with 5% foetrf calf 
senjm for 60 min. at 4°C. Cell§ were washed, and the fluorescence intensity was delermbied on a 
FACScan ftow cytometer calibrated with quanWative microbead standards (Fkw Cytometry Standards. 
Research Triangle Park, NC). Ruorescence intensity per antibody molecule (F/P ratio) was deter- 
mined by using microbeads whfch have a predetenmined mnnber of mouse IgG antibody binding sites 
(Simply Cellular beads. Fkiw Cytometry Standards). F/P equals the fluorescence intensity of beads 
saturated with FI-Oia3 divided by the number of binding sites per bead. The amount of bound and 
tree FK)KT3 was calculated from the mean fluorescence intensity per ce«. and the ratio of bound/free 
was ptotled against the number of moles of antibody bound. A linear fit was used to detomine the 
affinity of binding (absolute value of the slope). 

For competitive binding. Increasing amounts of competitor antibody were added to a sub-saturating 
dose of R-OIOB and incubated with 5x10^ HP&-ALL in 200 mi of PBS with 5% foetal calf semm, for 
60 min at 4*»C. The fluorescence intensities of the cells were measured on a FACScan flow cytometer 
calibrated with quantitative mfcrobead standards. TTie concentrations of bound and free FK)KT3 were 
calculated. The affinities of competing anti-bodies were calculated from the equatkin [XHOKT3] - 
(1/Kx) - (1/Ka). where Ka is the affinity of murine 0KT3, Kx is the affinity of competitor X. (] is the 
concentration of competitor antibody at which bound/free binding is R/2. and R is the maximal 
bound/free binding. 

4. cDNA UBRARY CONSTRUCTION 

4.1. mRNA PREPARATION AND cONA SYNTHESIS 

0KT3 producing pells were grown as described above and 1-2 x 10^ cells harvested and mRNA 
extracted using the guanidiruum/ua extraction procedure. cDNA was prepared by priming from Oligo- 
dT to generate full length cONA The cDNA was methylated and EcoRI linkers added for cloning. 

4.2. LIBRARY CONSTRUCTION 

The cOfMA library was Pigated to pSP65 vector DNA which had been EcoR1 cut and the 5* phosphate 
groups removed by calf intestinal phosphatase (EooRl/aP). The ligation was used to transform high 
transformation efficiency Escherichia coll (E.coK) HB101. A cDNA library was prepared. 3600 colonies 
were screened for the light chain and 1(K)00 colonies were screened for the heavy chain. 

5. SCREENING 

E.coli colonies positive for either heavy or light chain probes were identified by oligonucleotide screening 
using the oligonucleotides: 5' TCCAGATGTTAACTGCTCAC for the fight chain, which is complementary 
to a sequence in the mouse Icappa constant region, and 5' CAGGGGCCAGTGGATGGATAGAC for the 
heavy chain which is complementary to a sequence in ttie mouse igG2a constant CH1 domain region. 12 
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light chain and 9 heavy chain ctones were identified and taken (or second round screening. Positive 
clones from the second round of screening were grown up and DNA prepared. The ^es of the gene 
inserts were estimatsd by gel electrophoresis and inserts of a size capable of containing a full length 
cDNA were subdoned into M13 for DNA sequencing. 

6. DNA SEQUENaNG 

aones representing four size classes for both heavy and light chains were obtained in M13. DNA 
sequence for the 5" untranslated regions, signal sequences, variable regions and 3' untranslated regions 
of full length cDNAs [Figures l{a) and 2(a)l were obtained and the corresponcfing ammo acid sequences 
predicted [(Rgwes 1(b) and 2<b)]. In Figure 1(a) the untranslated DNA regions are shown in uppercase, 
and in both Rgures 1 and 2 the signal sequences are underlined. 

7. CONSTRUCTION OF cDNA EXPRESSION VECTORS 

Celllecrfi expression vectors are based on the plasnrwd pEE6hCMV (ref. 14). A polyllnker for ttre insertion 
of genes to be expressed has been introduced after the maior immediate early promoter/enhancer of the 
human OytomegaJoviais (hCMV). Marker genes for selecUon of the plasmid in transfected eukaryotic 
cells can be inserted as BamHI cassettes in the unique BamHI site of pEE6 hCMV; for instance, the 
neo marker to provide pEE6 hCMV neo. It is usual practice to insert the neo and gpt markers prior to 
insertion of the gene of interest, whereas the GS marker is Inserted last because of the presence of 
internal EcoRI sites in the cassette. 

The selectable markers are expressed from the SV40 late promoter which also provides an origin of 
replication so that the vectors can be used for expression in the COS ceH transient expression system. 
The mouse sequences were ^cdsed from the Ml 3 based vectors described above as EcoRI fragments 
and ck>ned into either pEBWiCMV-neo for the heavy chain and into EBWiCMV-gpt for the light diain to 
yieM vectors pJA136 and pJA135 respectivaly. 
a EXPRESSION OF cDI^ IN COS CELLS 

Plasmtds pJA135 and pJA136 were co^transfected into COS cells and supernatant from the trandent 
expression experiment was shown to contain assembled ant*body which bmmd to T-cell enriched 
lymphocytes. Metat>olic labelling experiments u^ng ^ss methionine showed expresston and assembly of 
heavy and light chains, 
a CONSTRUCTION OF CHIMERIC GENES 

Construction of chimeric genes followed a previously described strategy [Whittle et al (ref. 13)1. A 
restriction site near the 3' end of the variable domain sequence is identified and used to attach an 
oligonucleotkte adapter coding for the renminder of the mouse variable region and a suitable restriceon 
site for attachment to the constsuit region of choice. 
9.1. LIGHT CHAIN GENE CONSTRUCTION 

The mouse light chain cDNA sequertce contains an Aval site near the 3* end of the variable region 
(Rg. 1(a)]. The majority of the sequence of the variable regton was isolated as a 396 bp. EcoRI -Aval 
fragment. An oligonucleotide adapter was designed to replace the remainder of the 3* region of the 
varmble region from the Aval site and to include the 5' residues of the human constant region up to 
and including a unique Narl site which had been previously engineered into the constant region. 
A Hindin site was introduced to act as a maricer for insertion of the linker. 

The nnker was Ugated to the Vl fragment and the 413 bp EcoRI-Narl adapted fragment was purified 
from the ligation mixture. 

The constant region was isolated as an Narl-BamHI fragment from an M13 done NV^61 and was 
Ugated with the variable region DNA into an EcoRI /BamHI /CI P pSP65 treated vector In a three way 
leaction to yieW plasmid JA143. Qones were isolated after transformation into E.coIi and the linker 
and Junction sequences were oonfimied by the presence of the Hindi 11 site and by DNA sequencing. 
9.2 UQHT CHAIN GENE CONSTRUCTION - VERSION 2 

The construction of the first chimeric light chain gene produces a fusion of mouse and hun\an amino 
acid sequences at the variable-constant region juriction. In the case of the 0KT3 light chain the amino 
adds at the chimera junctkin are: 

Leu-G lu* I le -Asn- Arq/ - /Thr -Val -Ala -Ala 

VARIABLE CONSTANT 

This anangement of sequence introduces a potential site for /\sparagine (Asn) linked (N-linked) 
glycosylation at the V-C junction. Therefore, a second version of the chimeric light chain 
oligonucleotide adapter was designed in which the threonine (Thr). the first amino acid of the human 
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constant re^on, was replaced wth the equivalent amino add from the moose constant region, Alanine 
(Ala). 

An Internal Hindi 11 site ^ not included in this adapter, to differentiate the two chimeric light chain 
genes. 

The variable region fragment was isolated as a 376 l)p EcoRI-Ava! fragment The oUgonucleotide linker 
was ligated to Marl cut pNV\^1 and then the adapted 396bp constant region was Isolated after recutting 
the modifiod pNW361 with BcoRI. The variable region fragment and the modified constant region 
fragment were Hgated Erectly mto EcoRI/CIP treated pEEBhCMVneo to yield pJA137. Inlfially all clones 
exantined had the insert in the incorrect orientation. Therefore, the insert was reflated and redoned to 
turn the insert round and yield plasmid pJAUI. Several clones with the insert in the correct orientation 
were obtained and the adapter sequence of one was confirmed by DMA sequencing 
9^. HEAVY CHAIN GENE CONSTRUCTION 

9.3.1. CHOICE OF HEAVY CHAIN GENE ISOTYPE 

The constant region isotype chosen for the heavy chain was human lgQ4. 

a3.2. GENE CONSTRUCTION 

The heavy chain cDNA sequence showed a Bani stte near the 3' end of the variable region [Fig. 2(a)- 
]. The malonty of the sequence of the variable region was isolated as a 426bp. EcoRI/CIP/BanI 
fragment An ofigonudeofide adapter was designated to replace the remainder of the 3* respon of the 
variable region from the Bani ^ up to and including a unique Hindlll site which had been previously 
engineered into the first two amino acids of the constant region. 

The Bnker was figated to the Vh fragment and the EcoRl-Hindlll adapted fragment was purified from 
the Dgalion mbdure. The variable region was ligated to the constant region by cutting pJA91 with 
BcoRI and (findlll removing the Intron fragment and replacing it with the Vh to yield pJAl42. aones 
were isolatod after transformation into E.coli JM101 and the linker and juncfion sequences were 
confinned by DNA sequencing. (N.B. The Hindi 11 site is lost on cloning). 

10. CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS 

10.1. neo AND gpt VECTORS 

The chimeric light ch^n (version 1) was removed from pJA143 as an EcoRI fragment and cloned km 
EcoRI/CIP framed pEEShCMVneo expression vector to yield pJA145. Clones with the insert in the 
correct orientation were identified by restriction mapping. 
The c*iimeric fight chain (version 2) was constructed as descn'bed above. 

The chimeric heavy chain gene was isolated from pJA142 as a 2L5Kbp EooRI/BamHI fragment and 
cloned into the EcoRI /Bell /CI P treated vector fragment of a derivative of pEEBhCMVgpt to yield 
plasmid pJA144. 

10.2. GS SEPARATE VECTORS 

6S versions of pJA141 and pJA144 were constructed by replacing the neo and gpt cassettes by a 
BamHI/Sall/CIP freatment of the plasmids. isolation of the vector fragment and ligation to a OS- 
containing fragment from the plasmid pR049 to yield the light chain vector pJA179 and the heavy 
chain vector pJAI 80. 

10^. GS SINGLE VECTOR CONSTRUCTION 

Single vector constructions containing the cL (chimeric fight), cH (chimeric heavy) and GS genes on 
one plasmid in the order cL^GS. or cH-cL-QS and with transcriptton of the genes being head to tail 
e.g. cL>cH>GS were constructed. These piasmids were made by freating pJA179 or pJAISO with 
6amH1/C1P and Hgaling in a Bglll/Hindlll hCMV promoter cassette along with either the 
Kind111/BamH1 fragment from pJA141 into pJAISO to give the cH^-GS plasmid pJA182 or the 
Hindi 11/BamH1 fragment from pJA144 into pJAITO to give the cL^QS plasmid pJA181. 

11. EXPRESSION OF CHIMERIC GENES 
11.1. EXPRESSION IN COS CEU^ 

The chimeric antibody plasmid pJA145 (cL) and pJAl44 (cH) were co-fransfected into COS cells and 
supernatant from the fransient expression experiment was shown to contain assembled antibody 
which bound to the HUT 78 human T-cell fine. Metabofic labelling experiments using ^^S methionine 
showed expression and assembly of heavy and Mght chains. However the Kght chain mobility seen on 
reduced gels suggested that the potential glycosylafion site was being glycosylated. Expression in 
COS cells in the presence of tunicamycin showed a reduction in size of the light chain to that shown 
for control chimeric antibodies and the 0KT3 mouse light chain. Therefore JA141 was constructed 
and expressed. In this case the light chain did not show an aberrant mobility or a size shift in the 
presence or absence of tunicamycin. This second version of the chimeric Hght chain, when expressed 
in association with chimeric heavy (cH) chain, produced antibody which showed good binding to HUT 
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78 cells. In both cases antigen tiding was equivalent to that of the mouse antibody. 
11.2 EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS Stable cell lines have been 
prepared from plasmids PJA141/pJAl44 and from pJAl79/pJA180. pJA181 and pJA182 by transfec- 
lion intD CHO cells. 
12. CDR-GRAFTING 

The approach taken was to try to introduce sufficient nrunise residues into a human variable region 
framework to generate antigen binding activity comparable to the mouse and chimerfc antibodies. 
12.1. VARIABLE REGION ANALYSIS 

From an examination of a small database of structures of antibodies and antigen-antibody complexes 
it is dear that only a small ruimt)er of ant&ody residues make direct contact with antigen. Otfwr 
resklues may contribute to antigen binding by positkming the contact rescues in favourable configu- 
rations and also t>y inducing a stable packing of the individual variatkte domains and stat>le interaction 
of the light and heavy chain variable dorrmins. 
The resklues chosen for transfer can be identified In a number of ways: 

(a) By examtnatfon of antibody X-ray crystal structures the antigen binding surface can be 
(MBdominantty located on a serieis of toops, three per dOTiain, which extend from the B-t>arrel 
framework. 

(b) By analysis of antibody variable domain sequences regions of hypervariafcHlity [tenned the 
Compiementarily Detenmlning Flegkms (CDRs) by Wu and Kabat (ref. 5)] can be Wentified. In the 
most but not an cases these CDFte correspond to. but extend a short way beyond, the loop regions 
noted atxyva. 

(c) Residues not ktentrfied by (a) and (b) may contvfbute to antigen binding directly or indirectly by 
affecting antigen binding site topok)gy. or by inducing a stable packing of the individual varlat>le 
domains and stabilising the intar-^ariable domain interaclion. These residues may t>e identified 
dther Ijy superimposing ttie sequences for a given antibody on a krumn structure and looking at 
key resklues for fteir contritmtion. or by sequence alignment analysis and noting "tcfiosyncratic" 
resklues folkwed by examination of their structural location and likely effects. 

12.1.1. U6HT CHAIN 

Figure 3 shows an alignment of sequences fof the human framework region RE1 and the OKT3 
fight variable regfon. The stnidural kxjps (LOOP) and CDRs (KABAT) betieved to conospond to the 
antigen binding region are marked. Also marked are a number of other residues which may also 
contnljute to anfigen bindtng as described in 13.1(c). Above the sequence in Figure 3 the residue 
type Indicates the spatial location of each residue side chain, derived by examination of resolved 
structures from X-ray crystallography analysis. The key to this resklue type designatkm is as 
follows: 

N - near to COR (From X-ray Staictures) 
P - Packing B - Buried Non-Packing 
S - Surface E - Exposed 
I - Interface * - Interface 
- Packing/Part Exposed 

? - Non-CDR Residues which may require to t>e left as Mouse sequence. Residues underlined in 
Figure 3 are amino adds. RE1 was chosen as the human framework because the light chain is a 
kappa chain and the kappa variable regions show higher homok)gy with the mouse sequences than 
a lambda light variable region. e.g. KOL (see below). RE1 was chosen in preference to another 
kai^ ngtit chain because the X-ray strurture of the light chain has been determined so that a 
structural examination of individual residues could be made. 

12.1.2. HEAVY CHAIN 

Similarly Figure 4 shows an alignment of sequences for the human framework region KOL and the 
OKTS heavy variable re^on. The stmctural kxips and CDRs believed to correspond to the antigen 
binding rBgk>n are marked. Also marked are a number of other residues whteh may also contribute 
to antigen tending as described in 12.1(c). The residue type key and other indicators used in 
Figure 4 are the same as those used in Hgure 3, KOL was chosen as the heavy chain frameworfc 
because the X-ray structure has been determined to a better resolution than, for example, NEWIWI 
and also the sequence alignment of 0KT3 heavy variatrfe region showed a slightly bener homok}gy 
to KOL than to NEWM. 
12.2. DESIGN OF VARIABLE GENES 

The variable region domains were designed with mouse variable region optimal codon usage 
[Grantham and Perrin (ref. 15)3 and used the B72.3 signal sequences [Whittle et^ (ref. 13)1. The 
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sequences were designed to be attached to the oonstanl region in the sanie way as for the chimeric 
genes descnted alwe. Some constructs contained the •Kozak consensus sequence* [Kozak (ret. 
16)] directty linked to tte 5' of the ^gnal sequence in the gene. This sequence motif is beReved to 
have a beneficial role In translation initiation in eidoryotes. 
12^. GENE CONSTRUCTION 

To build the variable regions, various strategies are available. The sequence may be assembted by 
using oligonucleofides in a manner similar to Jones etaj (ref. 17) or by simultaneously replacing all of 
the CDRs or loop regions by oligonucleotide cfirected site spedfic mutagenesis In a manner similar to 
Vertioeyen (ref. 2). Both strategies were used and a list of constructions is set out in Tables 1 
and 2 and figures 4 and 5. It was noted in several cases ttiat the nr»utagenesis approach led to 
deletions and rearrangements in the gene being remodelled, while the success of the assembly 
approach was very sensitive to the quality of the ortgonudeotides. 
13. CONSTRUCTION OF EXPRESSION VECTORS 

Genes were isolated from M13 or SP65 based intemnediate vectors and cloned into pEEShCMVneo for 
the light chains and pEEBhCMVgpl for the heavy chains in a manner sinryiar to that for the chimeric 
genes as described above. 
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TABLE 1 CDE-CRAFTED CEHE CQHSTEDCTS 

CODE HOUSE SEQUEKCE METHOD OF 

CONTENT COKSTRUCTIC»I 



KOZAK 
SEQUENCE 



10 



IS 



20 



LIGHT CHAIN AU HUMAN 
121 26-32, 50-56. 91 
121a 26-32. 50-56. 91 

♦1. 3. 46. 47 
121B 26-32, 50-56. 91 

♦ 46. 47 
221 24-24. 50-56. 91 
221A 24-34. 50-56. 91 

-fl, 3, 46. 47 
221B 24-34. 50-56. 91 

♦1, 3 

221C 24-34. 50-56. 91 



FRAMEUORK REl 

96 inclusive SDH And ^ene asseobly -t^ n.d. 

'96 inclusive Partial g«T» Meataly n.d. <f 

-96 inclusive P«rtl«l gene asseid»ly n.d. t- 

•96 inclusive Partial gene assei^ly + 

^96 inclusive Partial gene asseably <*- * 

.96 Inclusive Partial gene asseably + + 

-96 inclusive Partial gene assenbly + + 



30 



35 



40 



HEAVY CHAIN 



ALL HUMAN FRAHEUORX KOL 



121 26-32. 50-56, 9S-100B inclusive 

131 26-32. 50*58. 95-lOOB inclusive 

141 26-32. 50-65, 95-lOOB inclusive 

321 26-35. 50-56, 9S-100B inclusive 

331 26-35. 50-5B. 95-lOOB inclusive 

341 26-35. 50-65. 95-lOOB inclusive 

341A 26-35. 50-65. 95-lOOB inclusive 

♦6. 23. 24, 48, 49. 71, 73. 76. 

78, 88. 91 (1^3 - husan) 
341B 26-35. 50-65, 95-lOOfl inclusive 

+ 48. 49. 71, 73. 76, 78. 88. 91 

(•»63 •«> human) 



KEY 
n.d 
SDH 



Gene assenbly n.d. 

Gene assenbly n.d. •¥ 

Partial gene assenbly n.d. 

Partial gene asseably + n.d. 

Partial gene assembly -t- 

Gene assenbly t 

SDH * 
Partial gene assenbly 

Gene assei^ly n.d. * 



Gene asseably n.d. 



SO 



not done 

Site directed nucagenesis 
Gene assembly Variable region assenbled entirely fron oligonucleotides 
Partial gene Variable region assembled by conbinaclon of restriction 
assembly fragnencs either from other genes originally created by Sim 
and gene assenbly or by oligonucleotide assenbly of part of 
the variable region and reconstruction with restriction 
fragnencs from other genes originally created by SDH and gene 
assembly 



55 



14. EXPRESSION OF CDR-GRAFTED GENES 

14.1. PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED LIGHT (gL) CHAINS WITH MOUSE 
HEAVY (mH) OR CHIMERIC HEAVY (cH) CHAINS 

All gL chains, in assodation with mH or cH produced reasonable amounts of antibody. Insertion of the 
Kozak consensus sequence at a position 5' to the ATG (kgL constructs) however, led to a 2-5 fold 
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improvement in net expression. Over an extended series of experimente express levels were raised 
from approximately 200ngAY»l to approximately 500 ng/ml for kgL/cH or kgUmH combinations. 
When direct binding to antigen on HUT 78 cells was measured, a construct designed to include 
mouse sequence based on loop length feL121) did not lead to active antibody in association witti mH 
or cH. A construct designed to Include mouse sequence based on Kabat CDRs (gL221) demonstrated 
some weak l^ncfing in association with mH or cH. However, when framework readues 1. 3, 46, 47 
were changed from the human to the murine OKTS equivalents based on the arguments outlined in 
Section 12.1 antigen binding was demonstrated when both of the new constructs, which were termed 
121A and 221A were co-expressed with cH. When the effects of ttiese residues were examined in 
more detail, It ^pears that resWues 1 and 3 are not major contributing residues as the product of the 
gL221B gene shows Kttle detedabte binding activity in association with cH. The Pght chain product of 
gL22lC. in which mouse sequences are present at 46 and 47. ^lows good binding activity in 
association with cH. 

14.2 PRODUCTION Of ANTIBODY CONSISTING OF GRAFTED HEAVY <gH) CHAINS WPTH MOUSE 
UGHT (mL) OR CHIMERIC UGHT (cL) CHAINS 

Expression of the gH genes proved to bo more difficult to achieve than for gL. First, induskm of the 
Kozak sequence appeared to have no marked effect on expression of gH genes. Expression appears 
to be sOghtty improved but not to the same degree as seen for the grafted fight chain. 
Also, it proved difficult to demonstrate production of expected quantities of material when the loop 
choice (amino acW 2&^ for CDR1 is used, e.g. gH12l. 131, 141 and no conclusions can be drawn 
about these constnicts. 

Moreover, co-exprBsaon of tiie gH341 gene with cL or mL has been variable and has tended to 
produce kwer amounts of antibody than the cH/cL or mH/mL combinations. The alterations to gH341 
to produce gH341A and gt^lB lead to improved levels of expression. 

This may be due either to a general Increase In the fraction of mouse sequence in the variable region, 
or Id the alteration at position 63 where the residue is retumed to the human amino acid Valine CVal) 
from Phenylalanfrie (Phe) to avoid possible internal packing problems with me rest of the human 
framework. This arrangement also occurs in gH331 and gH321. 

When gH321 or gH331 were expressed in assodation with cL, antibody was produced but antibody 
t}indlng activity was not detected. 

When tiie more conservative gH341 gene was used antigen binding could be detected in assodation 
with cL or mL. Ixjt tfie activity was only marginally above the t>aokground level. When further mouse 
resktues were substituted Ijased on tfie arguments in 12.1. antigen t^inding could be clearly 
demwistrated for the antibody produced when kgH341A and kgH341B were express in association 

withcL 

14-3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY 

The kgL221A gene was co^ressed with kgH341, kgH341A or kgH341B. For the combination 
kgH221 A/kgH341 very little material was produced in a normal COS cell expression. 
For tfie combinations kgl221Art<gH341A or kgH221A/kgH341B amounts of antibody similar to gL/cH 
was produced. 

In several experiments no antigen Ixnding activity could be detected witfi kgH221A/gH341 or 
kgH221A/kgH341 combinations, although expression levels were very low. 

Antigen binding was detected when kgL221ArtQgH341A or kgH22lA4(gH341B combinations were 
expressed. In the case of the antibody produced from the kgL22lAAcgH341A combination the antigen 
binding was very similar to that of the chimeric antibody. 
An analysis of tiie above results is given betow. 
15. DISCUSSION OF CDR-GRAFTING RESULTS 

In the design of fhe fully humanised antibody ttw aim was to transfer the minimum number of mouse 
amino acids tiiat would confer antigen tending onto a human antibody framework. 
15.1. UGHT CHAIN 

1 5.1 .1 . EXTENT OF THE COfte 

For ttie light chain ttie regions defining the toops known from structural studies of other antibodies 
to contan the antigen contacting residues, and ttiose hypervariabfe sequences defined by Kabat et 
aJ (refs. 4 and 5) as Complementarity Determining Regions (CDRs) are equivalent for CDR2. For 
CDR1 tiie hypervariable region extends from residues 24-34 inclusive while the structural loop 
extends from 26-32 inclusive. In the case of 0KT3 ttwre is only one amino add difference between 
tfie two options, at amino acid 24, where ttie mouse sequence is a serine and the human 
framework RE1 has glutamine. For CDR3 ttie loop extends from residues 91-96 inclusive while the 
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Kabat hypervariability extends from residues 8^97 inclusive, for 0103 amino acids 89, 90 and 97 
are the same between 0KT3 and REl (Rg. 3). When constructs based on the loop choice for 
CDR1 (0L121) and the Kabal choice (9L22I) were made and co-expressed with mH or cH no 
evidence for antigen binding activity could be found for gL121 , but trace activity could be detected 
for the gi-221, suggesfing that a single extia mouse residue in the grafted variable region could 
have some detectable effect Both gene constructs were reasonably well expressed in the transient 
expression system. 
15.1^. FRAIWIEWORK RESIDUES 

The remaining framework residues were then further examined, in particular amino acids known 
fmm X-ray analysis of other antibodies to be ctose to the COBs and also those amino adds which 
in 0KT3 showed diffmnces from the consensus frannework for the mouse subgroup (subgroup VI) 
to which 0ICT3 shows most homology. Four positions 1. 3, 46 and 47 were fclentified and their 
possible contribution was examined by substituting the mouse amino add for the human amino 
add at each position. Therefore gL221A (gL221 + DIQ, Q3V. L46R, L47W, see Figure 3 and 
Table 1) was made, cloned in EBBhCMVneo and co-expressed with cH (pJA144). The resultant 
antibody was well expressed and showed good binding activity. When the related genes gL221B 
(gL221 + DIQ, Q3V) and gL221C (gL221 + L46R. L47W> were made and similariy tested, while 
both genes produced antibody when co^ressed witti cH, only the gL221C/cH combination 
showed good antigen binding. When the gL121A (gL121 + DIQ. Q3V. L48a L47W) gene was 
made and oo-expressed with cH. antibody was produced which also bound to antigen. 
15^ HEAVY CHAIN 

15.2.1. BCTENT OF THE CDRs 

For tfie heavy chain the toop and hypervariabirity analyses agree only in CDR3. For CDRl the toop 
regfon extmids from rsskiues 26-32 inclusive whereas the Kabat CDR extends from residues 31-35 
indusive. For CDR2 the loop region is from 50-58 indusive while tfie hypervariable region covers 
amino adds 50-65 indusive. Therefore humanised heavy chains were constructed i«ing the 
framework from antibody KOL and witt^ various combinations of these CDR chdces, inducing a 
shorter choice for C0fl2 of 50-56 indusive as ttiere was some uncertainty as to the definition of the 
end pdnt for the CDR2 toop around reskiues 56 to 5& The genes were co^xpressed with mL or 
cL initially. In the case of the gH genes witii loop chdces for CDRl e.g. gH121, gH131. gH14l very 
Qtfle antibody was produced in tiie cutture supematants. As no free Kghi chain was detected it was 
presumed that the antibody was being made and assembled Inskle the cell but that the heavy 
chain was at)errant in some way, possitrty incorrectty fdded. and theretbre the antil)ody was being 
de^aded intemally. In some experiments trace amounts of antibody couW be detected in ^^s 
labdiing studies. 

As no net antibody was produced, analysis of ttiese constructs was not pursued further. 
When, however, a combination of the loop chofce and the Kabat chdce for CDRl was tested 
(mouse amino adds 2M5 inclusive) and in which resklues 31 (Ser to Arg), 33 (Ala to Thr). and 35 
(Tyr to His) were changed from the human residues to tite nKMJse residue and compared to the 
first series, antibody was produced for gH321, kgH331 and kgH341 when co-expressed with cL 
Bcpresston was generally tow and could not t»e markedly improved t>y the insertion of the Kozak 
consensus sequence 5' to the ATG of ttie signal secpience of the gene, as distind from the case of 
ttie gL genes where such insertion led to a 2-5 fold increase in net antibody production. However, 
only in ttie case of gH341/mL or kgH341/cL could marginal antigen binding activity be dem- 
onstrated. When tire kgH341 gene was co-expressed witti kgL22lA, tiie net yield of antibody was 
too tow to give a signal above tfie background level in ttie antigen tmfing assay. 

15.2.2. FRAMEWORK RESIDUES 

As in tiie case of the light chain tfie heavy chain frameworks were re-examined. Possitiiy t>ecause 
of the lower initial homotogy t)etween the mouse and human heavy variable domains compared to 
the light chains, more amino add positions proved to be of interest Two genes kgH341A and 
kgH341B were constmcted. witti 11 or 8 human readues respectively substituted by mouse 
residues compared to gH341, and witti the CDR2 residue 63 returned to the human amino add 
potentially to improve domain packing. Beth showed antigen binding when combined with cL or 
kgl-221 A. the kgH341 A gene witti all 1 1 changes appearing to be ttie superior chdce. 
15.3 INTERifkfl CONCLUSIONS 

It has been demonstrated^ ttierefore. for 0KT3 tiiat to transfer antigen binding ability to tiie humanised 
antibody, mouse residues outside the CDR regions defined by the Kabat hypervariability or structural 
loop choices are required tor botti the light and heavy chains. Fewer extra residues are needed for the 
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Ught chain, possibly due to the higher initial homology between the mouse and human kappa variable 
regions. 

Of the changes seven (1 and 3 from the light chain and 6. 23. 71. 73 and 76 from the heavy chain) 
are precBcted from a knowledge of other antibody strudufBS to be either partly exposed or on the 
antibody surface. It has been shown here that residues 1 and 3 in the light chain are not absolutety 
required to be the mouse sequence; and for the heavy chain the gH341B heavy chain in combination 
with the 221 A fight chain generated only weak binding activity. Therefore the presence of the 6. 23 
and 24 changes are important to maintain a binding affinity similar to that of the murine antibody. It 
was important therefore, to further study the Individual contribution <^ othe ottwr 8 mouse residues of 
the kgH34l A gene compared to kgH341. 
16. I=URTHER CDR-QfWmNQ EXPERIMENTS ^ 
Additional CORngr^fed heavy chain genes were prepared substantially as described above. With 
reference to Table 2 the further heavy chain genes were based upon the gh341 (plasmW pJA178) and 
gH341A (plasmkl pJAISS) with cither mouse 0103 or human KOL residues at 6, 23, 24. 48. 49. 63. 71. 
73. 76. 78, 88 and 91. as indteated. The CDR-graffted lifi^it chain genes used in these farther experiments 
were gL221, gL221A, gL221B and gL221G as descritied above. 
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TABLE 2 

0KT3 HEAVY CHAIN CDR CRAFTS 



1. gH341 and derivatives 



RES NUM 


6 


23 


24 


48 49 


63 


71 


73 


76 


78 


88 


91 


0KT3vh 


q 


K 


A 


I G 


F 


T 


K 


S 


A 


A 


Y 


gH3Al 


E 


S 


s 


V A 


F 


R 


H 


N 


L 


C 


F JA178 


gH34lA 
gH341E 


9 


K 


A 


I G 


V 


T 


tc 


S 


A 


A 


Y JA185 


<? 


K 


A 


I G 


V 


T 


K 


S 


A 


G 


G JA198 


gH34l* 


0 


R 


A 


I G 


V 


T 


K 


N 


A 


G 


F JA207 


gH341* 


9.. 


K 


A 


I G 


V 


R 


N 


N 


A 


C 


F JA209 


gH341D 


q 


K 


A 


1 G 


V 


T 


K 


N 


L 


C 


F JA197 


gH341* 


0 


K 


A 


I G 


V 


R 


H 


N 


L 


G 


F JA199 


gH34lC 


Q 


tc 


A 


V A 


F - 


R 


H 


M 


L 


G 


F JA184 


gH34l* 
g>l34l* 
gH341fi 
BH341* 
gH3tl* 
SH34l* 
KOL 




S 


A 


I G 


V 


T 


K 


5 


A 


A 


Y JA203 


£ 


s 


A 


I G 


V 


T 


K 


S 


A 


A 


Y JA205 


E 


s 


S 


I G 


V 


T 


K 


S 


A 


A 


Y JA183 


2 


s 


A 


I G 


V 


T 


K 


5 


A 


G 


F JA204 


E 


s 


A 


1 C 


V 


T 


K 


S 


A 


G 


F JA206 




s 


A 


X C 


V 


T 


K 


N 


A 


G 


F JA208 


£ 


s 


S 


V A 




R 


N 


N 


L 


G 


F 



0KT3 LIGHT CHAlK CDR CRAFTS 
2. gL221 and derlvacives 



RES HUM 


I 


3 


46 


47 


0KT3vl 




V 


R 


W 


GU21 


D 


Q 


L 


L DA221 


bU2U 


q 


V 


R 


V OA221A 


gU2lB 


q 


V 


L 


L DA221B 


CL221C 


D 


Q 


R 


U DA221C 


REl 


D 


Q 


L 


L 



MURINE RESIDUES ARE UNDERLINED 

The COR-grafted heavy and light chain genes were co-expressed in COS cefls either with one another 
in various combinations but also with the corresponding murine and chimeric heavy and light chain genes 
substantially as described above. The resultant antibody products were then assayed in binding and 
blocking assays with HPB-ALL cells as described above. 
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TTie results of the assays for various grafted heavy chains co-expressed with the gL221C light chain are 
given in Rgures 7 and 8 (for the JA184. JA185. JA197 and JAIdS constructs - see Table 2). In Rgure 9 (for 
the JA183, JAW, JA185 and JA197 constructs) in Rgure 10 (for the chimeric. JA185, JA199, JA204. 
JA205. JA207. JA208 and JA209 constructs) and in Rgure 11 (for the M183. JA184, JA185, JA198. JA203. 
JA2(K and JA208 constructs). 

The basic grafted product without any human to murine changes in the variable frameworks, i^. gL22l 
co^essed with gh341 (JA178). and also the "fully grafted" product, having most human to murine 
changes in the grafted heavy chain frameworlc, i e. gl-221C co-expressed with gh341A (JA185), were 
assayed for relative Wndir^g affinity in a competition assay against murine OKTS reference standard, using 
HPB-ALL cells. The assay used was as described above in section 3.3. The resufts obtained are given in 
Rgure 12 for the basic grafted product and in Rgure 13 for the fully grafted product. These results indicate 
th£tf the basic grafted product has neglibible tiding ability as compared wth the 0KX3 murine reference 
slarwiafd; whereas the "fully grafted" product has a bindir^ atMRty very amilar to that of the 0KT3 murine 
reference stmidard. 

The bindng and blocking assay results indicate the ftrfkwing: 
The JA198 and JA207 constructs appear to have the best binding characteristics and similar binding 
abHfties. both substantially the same as the chimeric and fully grafted gH341 A products. This indicates that 
positions 88 and 91 and position 78 are not highly critical for maintaining the OKT3 binding abflity; whereas 
at least some of positkms 6. 23, 24, 48* 49. 71 . 73 and 78 are more important 

This is borne out by the finding ttial the JA209 and JA199. alltwugh of similar binding abifity to one 
another, are of hwer twwfing abifity than the JA198 and JA207 constructs. TWs indicates the importance of 
h^flng mouse residues sA positions 71. 73 and 7a which are either completely or partialiy human in the 
JA199 and JA209 constaids respectively. , 
Moreover, on comparing the results obtained for the JA205 and JA183 constnicts it is seen that there is 
25 a decrease in binding going from the JA205 to the JA183 constructs. This indfcates the importance of 
retaining a mouse residue at position 23. the only positk>n changed between JA205 and JA183. 

These and other results lead us to the conclusion that of the 11 mouse framewortc revues used in the 
gH34lA (JA1B5) conslnjct, it is important to retan mouse residues at all of positions 6, 23. 24. 48 and 49, 
and possibly for maximum binding affinity at 71 . 73 and 78. 
30 Similar Experiments were carried out to CDH-graft a number of the rodent antibodies including 
antibodies having specificity for C04 (OICT4), ICAWH (R6-5). TAG72 (B72^). and TNFa(61E71. 101.4. 
hTNFI. hTNF2 and hTN^). 
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EXAI«PLE2 



CDR-GfWTING OF A MURINE AIMTI-CD4 T CELL RECEPTOR ANTIBODY. OKT4A 

Anti Oia4A CDR-grafted heavy and fight chain genes were prepared, expressed and tested substan- 
tially as described above in Example 1 for CDF^grafted 0ICT3. The CDR grafting of OKT4A is descnlied in 

detail In Ortho patent appRcalion PCT/GB 90. of even date herewith entitled "Humanised Antibodies". 

The disclosure of this Orttio patent applfcation PCT/GB 90 Is incorporated herein by reference. A 

number of COR-grafted OKT4 antibodies have been prepared. Presentiy the CDR-grafted OKT4A of choice 
Is the combination of the grafted light chain LCDR2 and the grafted heavy chain HCDR10. 

45 THE UGHT CHAIN 

The human acceptor framewort^ used for the grafted light chains was RE1. The preferred LCDR2 light 
chain has human to mouse changes at positions 33, 34. 38, 49 and 89 in addition to the structural loop 
CORs. Of these changed posftlons, positions 33, 34 and 89 fall within the preferred extended CDRs of the 

50 present invention (positions 33 and 34 in CDR1 and position 89 in CDR3). 

The human to murine changes at positions 38 and 49 corresponds to positions at wtwch the amino add 
residues are preferably donor murine amino acid residues in accordance wfth tiie present invention. 
A comparison of the amino acid sequences of the donor murine light chain variable domain and the REl 
human acceptor light chain variable further reveals that the murine and human readues are identical at all 

55 of positions 46. 48 and 71 and at all of positions 2, 4. 8, 35. 36. 44, 47. 62, 64-69. 85. 87. 98, 99 and 101 
and 102. However the amino add residue at posftion 58 In LCDR2 is the human REl frameworic residue not 
the mouse 0KT4 residue as would be prefenred in accordance with the present invention. 
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THE HEAVY CHAIN 

The human acceptor framework used for the grafted heavy chains was KOL 
The preferred CDR graft HCDR10 heavy chan has fiuman to mouse changes at positions 24, 35, 57, 58, 
60. 88 ^ 91 in addition to the structural loop CDRs. 

Of these posifions, positions 35 (CDH1) and positions 57, 58 and 60 (COH2) fall within the prefenred 
extended CDRs of the present invention. Also the human to mouse change at position 24 corresponds to a 
position at which the amino acid residue is a donor murine residue in accordance with the present invention. 
Moreover, the human to mouse changes at positions 88 and 91 correspond to positions at which the amino 
acid residues are optionatty donor murine residues. 

Moreover, a comparison of the murine OKr4A and human KOL heavy chain variable amino acid sequences 
reveals that the murine and human residues are identical at all of posHions 23. 49, 71 . 73 and 78 and at all 
of positions 2, 4, 6. 25, 36. 37, 39. 47, 48. 93, 94. 103. 104. 108 and 107. 

Thus the 0KT4A CDR-grafted heavy chain HCDR10 conesponds to a particularty preferred embodiment 
according to the present invention. 

EXAMPLES 

CDR-GRAFTING OF AN ANTI-MUCtN SPECinC MURINE ANTIBODY, 87^3 

The cloning of ttie genes cocfing for the anti-mucin specific murine monoclonal antibody B72.3 and the 
preparation of mouse-human ch&neric antibodies has been described previously (ref. 13 and WO 
89/01763). CDR-grafted versions of B72^ were prepared as fdlows. 
(a) B72^ Ught Chain 

CDfrgrafting of this fight chain was accomplished by direct transfer of the murine CDRs into the 
frameworic of the human Rghl chan RE1 . The regions transfenrod were: 



CDR 


Residues 


Number 




1 


24-34 


2 


50-56 


3 


90-98 



The activity of the resulting giBflad light chain was assessed by co-expresston in COS cells, of genes for 
tfie combinations: 
B72.3 CH/B723 cL 
and B72.3 cH/B72^ gL 

Supematants were assayed for antibody concentration and for tfie abiBty to twid to microtilre plates 
coated with mucin. The results obteined indicated that, in combination with the B72.3 cH chain. B72.3 cL 
and B72.3 gL had similar biriding properties. 

Comparison of the murine B72.3 and REI light chain amino acid sequences reveals that the residues 
are identical at positions 46. 58 and 71 but are different at position 48. Thus changing ttie human residue to 
the donor mouse re^ue at portion 48 may further improve the Iwnding characteristics of the CDR-grafted 
Ught chain. (B72.3 gL) in accordance with the present invention. 
(b> B72.3 heavy chain 
i. Choice of framework 

At tt^e outset it was necessary to make a choice of human frameworic Simply put, tfie question was as 
follows: Was rt necessary to use the framework re^ons from an antibody whose crystal structure was 
known or could the choice be made on some other criteria? 

For B72.3 heavy chain, it was reasoned that, white knowledge of structore was important transfer of 
ttie CDRs from mouse to human framewortcs might be facilitated if tfie overall homology between the 
donor and receptor frameworics was maximised. Comparison of the B72.3 heavy chain sequence with 
those in Kabat (ref. 4) for human heavy chains showed clearly ttiat B72^ had poor homology for KOL 
and NEWM (for which crystal structures are availat)le) but was very honrologous to tiie heavy chain 
for EU. 

On this basis, EU was chosen for tiie CDR-grafting and the following residues transferred as CDRs. 



23 



2/28/2006, EAST Version: 2.0.3.0 



EP 0 620 276 A1 



CDR 


Residues 


Number 




1 


27-36 


2 


5(K63 


3 


93-102 



Also H was noticed that the FR4 region of EU was unlike that of any other human (or mouse) antibody. 
Consequently, in the grafted heavy chain genes this was aiso changed to produce a -consensus" 
human sequence. (Preliminary experiments showed that grafted heavy chain genes containing the EU 
FR4 sequence expressed very poorly in transient expression systems.) 
ii. Results with grafted heavy chain genes 

ExptBSSfon of grafted heavy chain genes containing ail human framework regions with either gL or cL 
genes produced a grafted antibody with fittte abiOly to bind to mucin. The grafted antibody had about 
1% the actwity of the chimeric antMjody. In these experiments, however, it was noted that the activity 
of the grafted antibody could be increased to * 10% of B72-3 by exposure to pHs of 2-35. 
This observalkwi provided a clue as to how the acCvity of the gratted antibody couW be improved 
without acid treatment ft was postulated that acW exposure brought about the prolonaBon of an acidic 
residue (pKa of asparfic add = 3^ and of glulamine add = 4.25) whk* in turn caused a change in 
stnicture of the CDR loops, or altowed belter access of antigen. 

From comparison of the sequences of B72.3 (ref. 13) and EU (refs. 4and 6). it was clear that, in going 
from the mouse to human frameworks, only two portions had been changed in such a way that addic 
re^dues had been introduced. These positions are at residues 73 and 81. where K to E and Q to E 
changes had been made, respectivefy. 

Which of these positions might be important was detemiined by examining the crystal structure of the 
KOL antibody. !n KOL heavy chain, portion 81 is far removed from ^ther off the CDR loops. 
Position 73, however, is close to both CDRs 1 and 3 of the heavy chain and, in this po^on it was 
possible to envisage that a K to E change in this region could have a detrimental effect on antigen 
binding. 

m. Fifameworic changes in B72.3 gH gene 

On the basis off the above analysis. E73 was mutated to a lysine (K). It was found that this change had 
a dramatic effect on the abifity of the grafted Ab to bind to mudn. Further the atwlity of the grafted 
B72.3 produced by the mutated gH/gL combinafion to bind to mudn was similar to that of the B72.3 
chimeric antibody, 
iv. Other framework changes 

In the course of the above experiments, other changes were made In the heavy chain framewortc 
regions. Within the accuracy of the assays used, none of the changes, either atone or together, 
appeared beneficial. 

V. Other ^ . , ^ ^. 

Alllisays used measured the ability of the grafted Ab to bind to mudn and, as a whole, indicated 
that the single frameworic change at position 73 Is sufficient to generate an antibody with simUar 
binding properties to B72.3. 

Comparison of the B72.3 murine and EU heavy chain sequences reveals that the mouse and human 
resklues are identical at posHfons 23, 24, 71 and 78. 

Thus the mutated CDR-grafted B72.3 heavy chain corresponds to a preferred embodiment of the 
present invention. 

EXAMPLE 4 

CDR-GRAFTtNG OF A IVIURINE ANTMCAM-I MONOCLONAL ANTIBODY 

A murine antibody, R6-5-D6 (EP 0314863) having spedfidty for Intercellular Adhesion Molecule 1 
(ICAM-1) was CDR-grafled substantially as described above in previous examples. This woric is described in 
greater detail in co-pending application. British Patent Application No. 9009549.8, the disdosure of which is 
incorporated herein by reference. , 
The human EU frameworic was used as the acceptor frameworic for both heavy and light chains. The CDR- 
grafted antibody currently of choice is provided by co-expression of grafted light chain gL221 A and grafted 
heavy chain gH341D which has a binding affinity for ICAIW 1 of about 75% of that of the corresponding 
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mouse-human chimeric antibody. 
UGHT CHAIN 

gL221A has murine CDRs at positions 24-34 (CDR1), 5(M6 <CDR2) and 89-97 {CDB3). In addition 
several framework residues are also the murine amino add. These residues were chosen after consideration 
of the possible contribution of these residues to domain packing and stabiGty of the confonnation of the 
antigen bincfing region. The residues which have been retained as mouse are at pos'rtkjns 2, 3, 48 (?), 80, 
84, 85 and 87. Comparison of the murine antHCAM 1 and human EU light chain amino add sequences 
reveals that the murine and human residues are identical at positions 46, 58 arui 71. 

HEAVY CHAIN 

gH341D has murine CDRs at positions 26-35 (CDRl), 50-56 (CDR2) and94-10bB (CDR3). In addition 
murine resWues were used in gH341D at positions 24. 4a 69. 71. 73. 80. 88 and 91. Con^son of the 
murine anti^CAM 1 and human EU heavy chain amino add sequences are identical at positions 23, 49 and 
78. 

EXAMPLES 

CDR-Graftinq of murine anti-TWa antibodies 



A number of murine antf-TNFa monoctonaJ antibodies were CDR-grafted aibst^tialty as described 
above in prevtous examples. These antitjodies include the murine monodonal antibodies designated 61 
E71, hTNFI, hTNFS and 101.4 A brief summary of the CDR-grafting of each of these antibodies is given 
t)elow. 

61E71 

A similar analysis as described above (Exmnple 1, Sectkm 12.1.) was d(Mie for 61E71 and for tiie heavy 
chain 10 residues were identified at 23, 24, 48, 49, 68, 69, 71, 73. 75 and 88 as resWues to potentially 
retain as murine. The human framewortcs chosen for CDR-grafting of this antitx)dy. and the hTNF3 and 
101.4 antitxMlfes were RE1 for the light chain and KOL for the heavy chain. 

Three genes were built tiie first of which contained 23, 24. 48. 49. 71 and 73 [gH341(6)] as murine 
resWues. The second gene also had 75 and 88 as murine residues [gH341(8)I while the tttird gene 
additionally had 68. 89. 75 and 88 as nrujrine residues [gH341(10)]. Each was co-expressed with gL221. the 
minimum grafted light chain (CDRs only). The gl.221/gH341{6) and gL221/gH34l(8) antibodies botii bound 
as well to TNF as murine 61871. Tlie gL^1/gH341(10) antibody did not express and this combination was 
not taken fisther. 

Subsequentiy the gL221/gH341(6) antibody was assessed in an 1^29 cell competition assay in whteh the 
antibody competes against the TNF receptor on L029 cells for binding to TNF in scrfution. in tills assay the 
gL221/gH341(6) antibody was approximately 10% as active as murine 61E71- 

hTNFI 

hTNFI is a monodonal antibody whfch recognises an epitope on human TNF- . The EU human 
framework was used for CDR-grafting of bottY tfie heavy artd Rght variable demons. 

Heavy Chain 

In tfie CDR-grafted heavy chain (ghTNFI) mouse CDRs were used at positions 26-35 (CDR1). 50-65 
(CDR2) and 95-102 (CDR3). Mouse readues were also used in the framewortcs at positions 48. 67. 69, 71. 
73. 76. 89. 91, 94 and 108. Comparison of ttie TNF1 mouse and EU human heavy chain residues reveals 
that tiiese are identical at positions 23, 24. 29 and 78. 
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Light Chain 

In the CDR-grafted light chain (gLhTNFI) mouse CDRs wre used at positions 24-34 (CDR1). 50-56 
(CDR2) and 89-97 (CDR3). In addition mouse residues were used in the frameworks at positions 3. 42, 48, 
5 49. 83, 106 and lOa Comparison of the hTNFI mouse and EU human light chain residues reveals that 
these are identical at positions 46, 58 and 71. 

The grafted hTNFI heavy chain was co-expressed with the chimeric light chan and the binding at)imy 
of the product compared with thai of the chimeric ight chain/chlmeric heavy chain product in a TNF binding 
assay- TTie grafted heavy chain product appeared to have binding abifity for TNF sfightly better than the 
10 fuKy chimeric product 

Similariy. a grafted heavy chain/grafted light chain product was co-expressed and compared with the 
fully chimeric product and found to have closely similar binding properties to the tetter product 



hTNF3 

hTNF3 recognises an epitope on human TNF-a. The sequence of hTNF3 shows only 21 (fifferences 
cwnpared to 61E71 in the Tight and heavy chain variable regions. 10 in the light chain (2 in the CDRs at 
positions 50. 96 and 8 In the framework at 1. 19. 40. 45. 46, 76, 103 and 106) and 11 in the heavy chain (3 
in the CDR regions at positions 52.«)and95and8inthe framework at 1 . 1 0. 38. 40, 67. 73. 87 and 105). 
The fight and heavy chains of the 81E71 and hTNF3 chinwrfc antibodies can be exchanged without loss off 
activity in the direct landing assay. However 61E71 is an order off magnitude less able to compete with the 
TNF receptor on 1j929 cello for TNF« compared to hTNF3. Based on the 61E71 COR grafting data gL221 
and gH341(+23. 24, 48, 49 71 and 73 as mouse) genes have been built for hTNF3 and tested and the 
resuitant grafted antibody binds w^ to TNF^ but competes very poorly in the assay. It is possible 
that in this case also the framework residues identified for 0KT3 programme may improve flie competitive 
binding abiRty of this antibody. 



101.4 

30 101.4 is a further murine monoclonal antibody able to recognise human TNF-a. The heavy chain of this 
antibody shows good homotogy to KOL and so the CDR-grafting has been based on REI for the fight chain 
and KOL for the heavy c^n. Several grafted heavy diain genes have been constructed with conservative 
ch«ces for ttie CDR's (gH341) and which have one or a small number (rf non-CDR resWues at positions 73. 
78 or 77-79 Inclusive, as the mouse amino adds. Ttiese have been co-expressed with cL or gL221. In all 

35 cases binding to TNF equivalent to the chimeric antibody Is seen and infhen co-expressed with cL the 
resultant antibodies are able to compete well in the t929 assay. However, with gL221 the resultant 
antibodies are at least an order of magnitude less able to compete for TNF against the TNF receptor on 
1^29 cells. 

Mouse residues at other positions in tiie heavy chain, for example, at 23 and 24 together or at 76 have 
40 been demonstrated to provide no improvement to the competitive ability of ttie grafted antibody in the L929 
assay. 

A number of other antibodies inctuding antibodies having specificity Ibr interieukins e.g. IL1 and cancer 
markers such as carcinoembryonic antigen (CEA) e-g. the monoctonal antibody A5B7 (ref. 21), have been 
successfully CDR-grafted according to the present invention. 
45 It Will be appreciated ttiat the foregoing examples are given by way of illustration only and are not intended 
to limit ttie scope of the claimed invention. Changes and modifications may be made to the metfrods 
described whilst still falling wittiin the spirit sand scope of ttie invention. 
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SEOQEHCE LISTING 

r 

(1) G^ERAL IKFOSMATION: 

(i) APPLICANT: 

(A) NAME: CELLTBCH LIMITED 

(B) STREET: 216 BATH ROAD 

(C) CITY: SLODGM 
<0) STATE: BERKSHIRE 

(E) COtlHTRY: UNITED KINGDOM 

(F) POSTAL CODE (ZIP) : SLl 4EN 

(G) TELEPHONE: 0753 534655 

(H) TELEFAX: 0753 536632 

(I) TELEX: 848473 

(li) TITLE OF INVENTION: HUMANISED ANTIBODIES 
16 (ili) NUMBER OF SEQUENCES; 33 

(Iv) COMPUTER READABLE FORM: 

(A) MEDIUM TVPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTQC: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version /1. 25 

^ (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECUUE TYPE: cDNA 



30 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

TCCAGATCTT AACTGCTCAC 
20 

(2) INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
^ (D) TOPOLOGY^ linear 

(ii) MOLECULE TYPE: cDNA 



45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

CAGGGGCCAG TGGATGGATA GAC 
23 

(2) INFORMATION FOR SEQ ID NO: 3: 

60 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 



55 
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(C) STRANDEDNESS : single 

(D) TOPOLOCy: lineac 

(ii) MOLECULE type: protein - 
(V) FRAGMENT TYPE: internal 



(xi) SEQUEMCE DESCRIPTION; SEQ ID HO: 3: 

Leu Glu He Asn Arg Thr Val Ala Ala 
1 5 

(2) INFORMATIOH FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 943 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAATTCXrCAA AGACAAAATG GATTTTCAAG TGCAGATTTT CAGCTTCCTG CTAATCAGTG 
€0 

CCTCAGTCAT AATATCCAGA GGACAAATTG TTCTCACCCA GTCTCCAGCA ATPATGTCTG 
120 

CATCTCCAGG GGAGAAGGTC ACCATGACCT GCAGTGCCAG (TrCAAGTGTA AGTTACATGA 
ISO 

ACTGGTACCA GCAGAAGTCA GGCACCTCCC CCAAAAGATG GATTTATGAC ACATCCAAAC 
240 

TGGCTTCTGG AGTCCCTGCT CACTTCAGGG GCAGTGGGTC TGGGACCTCT TACTTCTCTCA 
300 

CAATCAGCGG CATGGAGGCT GAAGATGCTG CCACTTATTA CTGCCAGCAG TGGAGTAGTA 
360 

ACCCATTCAC GTTCGGCTCG GGGACAAAGT TGGAAATAAA CCGGGCTGAT ACTGCACCAA 
420 

CTGTATCCAT CTTCCCACCA TCCAGTGAGC AGTTAACATC TGGAGGTGCC TCAGTCGTGT 
480 

GCTTCTTGAA CAACTTCTAC CCCAAAGACA TCAATGTCAA GTGGAAGATT GATGGCAGTG 
540 

AAOGACAAAA TGGCGTCCTG AACAGTTGGA CTGATCAGGA CAGCAAAGAC AGCACCTACA 
600 

GCATGAGCAG CACCCTCACG TTGACCAAGG ACGAGTATGA ACGACATAAC AGCTATACCT 
660 

GTGAGGCCAC TCACAAGACA TCAACTTCAC CCATTGTCAA GAGCTTCAAC AGGAATGAGT 
720 

GTTAGAGACA AAGCTCCTGA GACGCCACCA CCAGCTCCCA GCTCCATCCT ATCTTCCCTT 
780 
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CTAAGGTCTT GGAGGCTTCC CCACAAGCGC TTACCACTGT TGCGGTGCTC TiUUVCCTCCT 840 
CCCACCTCCT TCTCCTCCTC CPCCCTTTCC TTGGCTTTTA TCA^GCTAA? ATTTGCaX^AA 900 
AATATTCAAT AAAGTCAGTC TTTGCCTTGA AAAAAAAAAA AAA 943 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 233 amino acids 

(B) TYPE: amino acid 

10 (C) STRAHDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Asp Phe Val lie Phe Ser Phe Leu Leu He Ser Ala Ser Val He 
15 10 15 

lie Ser Arg Gly Gin He Val. Leu Thr Gin Ser Pro Ala He Met Ser 
20 20 25 30 

Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser 
35 40 45 



25 



30 



35 



Val Ser Tyr Met Asn Trp Tyr Gin Gin Lys Ser Gly Thr Ser Pro Lys 
50 55 60 

Arg Trp He Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His 
65 70 ''^ . ®° 

Phe Arg Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Gly 
85 90 95 

Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser 
100 105 110 

Asn Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu He Asn Arg Ala 
115 120 125 

Asp Thr Ala Pro Thr Val Ser He Phe Pro Pro Ser Ser Glu Gin Leu 
130 135 140 

Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro 
145 150 155 160 

Lys Asp He Asn Val Lys Trp Lys He Asp Gly Ser Glu Arg Gin Asn 
165 170 175 

Gly Val Leu Asn Ser Trp Thr Asp Gin Asp Ser Lys Asp Ser Thr Tyr 
180 185 190 

Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg His 
195 200 205 

Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro He 
210 215 220 

Val Lys Ser Phe Asn Arg Asn Glu Cys 
50 225 230 

(2) INFORMATION FOR SEQ ID NO: 6: 
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25 



(1) SEQUENCE CHARACTERISTICS: 

(A) tKKGTH: 1570 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDS)NESS: single 

(D) TOPOIjOGY: linear 

(ii) MOLECULE TYPE: cDMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC ACTGGATCTT 60 

TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAG GTCCAGCTGC AGCAGTCTGG 120 

GGCTGAACTG GCAAGACCTG GGGCCTCAGT GAAGATGTCC TGCAAGGCTT CTGGCTACAC ISO 

CTTTACTAGG TACACGATGC ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT 240 

TGGATACATT AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 300 

CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA GCCTGACATC 360 

TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT GATCATTACT GCCTTGACTA 420 

CTGGGGCCAA GGCACCACTC TCACAGTCTC CTCAGCCAAA ACAACAGCCC CATCGGTCTA 480 

TCCACTGGCC CCTCTGTGTG GAGATACAAC TGGCTCCTOG GTGACTCTAG GATGCCTGGT 540 

CAAGGOTTAT TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TCTCCAGTGG 600 

TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA GCTCAGTGAC 660 

TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC AATGTGGCCC ACCCG6CAAG 720 

CAGCACCAAG GTGGACAAGA AAATTGAGCC CAGAGGGCCC ACAATCAAGC CCTGTCCTCC 780 

^ ATGCAAATGC CCAGCACCTA ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA 840 

GATCAAGGAT GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 900 

GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG AAGTACACAC 960 

35 AGCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT CTCCGGGTGG TCAGTGCCCT 1020 

CCGCATCCA6 CACCAGGACT GGATGAGTCC CAAGGAGTTC AAATGCAAGG TCAACAACAA 1080 

AGACCTCCCA GCGCCCATCG AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC 1140 

ACAGGTATAT GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 1200 

CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GAGTGGACCA ACAAC6GGAA 1260 

AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC TCTGATGGTT CTTACTTCAT 1320 

GTACAGCAAG CTGAGAGTGG AAAAGAAGAA CTGGGTGGAA AGAAATAGCT ACTCCTGTTC 1380 

AGTCGTCCAC GAGGGTCTGC ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG 1440 

TAAATGAGCT CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA 1500 

TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA AAAAAAAAAA 1560 

^ AAAGGAATTC ^570 
(2) INFORMATION FOR SEQ ID NO: 7: 
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(1) SEQUENCE CHARACTERISTICS: 

(A) IiQIGTH: 468 amino acids 

(B) TYPE: atnino acid 

(C) STRANDEDNRSS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Glu Arg His Trp lie Phe Leu Leu Leu Leu Ser Val Thr Ala Gly 
15 10 15 

Val His Ser Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Ala Arg 
20 25 30 

Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

Thr Arg Tyr Thr Met His Trp Val Lys Gin Arg Pro Gly Gin Gly Leu 
50 55 60 

Glu Trp lie Gly Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn 
65 70 75 80 

Gin Lvs Phe Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser 
65 90 95 

Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 
100 105 110 

Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp 
115 120 125 

Gly Gin Gly Thr Thr Leu Thr Val Ser ser Ala Lys Thr TSir Ala Pro 
130 135 140 

30 

ser val Tyr Pro Leu Ala Pro Val Cys Gly Asp Thr Thr Gly Ser Ser 
145 150 155 160 

Val Thr Leu Gly cys Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr 
165 170 175 

^ Leu Thr Trp Asn Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro 

180 185 190 

Ala Val Leu Gin Ser Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val 
195 200 205 

40 Thr Ser Ser Thr Trp Pro Ser Gin Ser He Thr Cys Asn Val Ala His 

210 215 220 

Pro Ala Ser Ser Thr Lys Val Asp Lys Lys He Glu Pro Arg Gly Pro 
225 230 235 240 

Thr He Lys Pro Cys Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu 
45 245 250 255 

Gly Gly Pro Ser Val Phe He Phe Pro Pro Lys He Lys Asp Val Leu 
260 265 270 

Met He Ser Leu Ser Pro He Val Thr Cys Val Val Val Asp Val Ser 
50 275 280 285 

Glu Asp Asp Pro Asp Val Gin He ser Trp Phe Val Asn Asn Val Glu 
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290 295 300 

Val His Thr Ala Gin Thr Gin Thr His Keq GlU Asp-Vyv Asn-Scir Thr 
305 310 31^ 320 

5 Leu Arg val Val Ser Ala Leu Pro lie Gin His Gin Asp Trp Met Ser 

325 330 335 

Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro 
340 345 350 

lie Glu Arg Thr He ser Lys Pro Lys Gly ser Val Arg Ala Pro Gin 
355 360 365 

Val Tyr Val Leu Pro Pro Pro Glu Glu Glu Met Thr Lys Lys Gin Val 
370 375 380 

Thr Leu Thr Cys Met Val Thr Asp Phe Met Pro Glu Asp He Tyr Val 
fS 385 390 395 400 

Glu Trp Thr Asn Asn Gly Lys Thr Glu Leu Asn Tyr Lys Asn Thr Glu 
405 410 415 



20 



Pro Val Leu Asp Ser. Asp Gly Ser Tyr Phe Met Tyr Ser Lys Leu Arg 
420 425 430 

Val Glu Lys Lys Asn Trp Val Glu Arg Asn Ser Tyr Ser Cys Ser Val 
435 440 445 

Val His Glu Gly Leu His Asn His His Thr Thr Lys Ser Phe Ser Arg 
450 455 460 

25 

Thr Pro Gly Lys 
465 

(2) INFORMATION FOR SEQ ID NO: 8: 

QQ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



35 



50 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Gin lie Val Leu Thr Gin Ser Pro Ala He Met Ser Ala Ser Pro Gly 
40 i 5 iO 15 

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gin Gin Lys Ser Gly Thr Ser Pro Lys Arg Trp He Tyr 
35 40 45 

45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg Gly Ser 
50 55 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Gly Met Glu Ala Glu 
65 70 75 80 



Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 
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Phe Gly Ser Gly Thr Lyst Leu Glu lie Asn Arg 
100 105 

(2) INFORMATION FOR SEQ ID MO: 9: 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 108 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

,0 (ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 9: 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
76 X 5 3.0 15 

Asp Arg Val Thr He Thr Cys Gin Ala Ser Gin Asp He He Lys Tyr 
20 25 30 



20 
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Leu Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Leu Leu He 
35 40 45 

Tyr Glu Ala Ser Asn Leu Gin Ala Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro 
65 70 75 80 

Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Tyr Gin Ser Leu Pro Tyr 
85 90 95 

Thr Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 10: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
35 TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala 
1 5 10 15 

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Thr Asn Gin Lys Phe 
50 55 60 

Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 
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Met Gin Leu Scr Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 »5 

Ala Arg Tyr Tyr Asp Asp His Tyr cys; Leu Aop Tyr Trp Gly Gin Gly 
100 105 110 

5 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID KO: 11: 

- (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



IS 



20 
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(ii) MOLECULE TYPE: protein 



(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gin Val Gin Leu val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ser ser Ser Gly Phe lie Phe Ser Ser Tyr 
20 25 30 

Ala Met Tyr Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala He He Trp Asp Asp Gly Ser Asp Gin His Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Asp Gly Gly His Gly Phe Cys Ser Ser Ala Ser Cys Phe Gly 
100 105 110 

^ Pro Asp Tyr Trp Gly Gin Gly Thr Pro Val Thr Val Ser Ser 

115 120 125 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLEOJLE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala 
15 10 15 

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 
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Thr Met His Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp He 

35 40 45'. 

Gly Tyr lie Asn Pro Ser Arg Gly ryri Thr Xsn Tyx Agh Glu Lys Phe 
50 55 60 

Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 BO 

Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin GXy 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) XNFORMATIOM FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDMESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 S 10 IS 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Phe 
SO 55 60 

35 

Lys Asp Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

^ Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 

100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

^ (2) INFORMATION FOR SEQ ID MO: 14: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
50 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Gin Val Gin Leu Val Gin Ser Gly <5ly Gly Vat Val .Gin Pfcoitily Arg 
1 5 10 " 15 

5 Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 

20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp lie 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

Lys Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 ao 



75 



20 



35 



40 



Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 
100 105 iio 

Thr Thr Leu Thr Val Ser ser 
lis 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 119 amino acids 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

•(ri) MOLECOLE TYPE: protein 



^ (xi) SBQUENCE DESCRIPTION: SEQ ID NO: 15: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 



Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
SO 55 60 

Lys Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 
xoo 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 



50 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) IiEHGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(ii) HOLECUIiE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 16: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Ttp lie 
35 40 45 

Gly Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

LvB ASP Arg Phe Thr He Ser Thr Asp Lys Ser Lys Asn Thr Ala Phe 
65 70 75 ao 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 
100 105 liO 

Thr Thr Leu Thr Val Ser ser 



(2) IKFORMATION FOR SEQ ID NO: 17: 

(i) SBQaENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

Lys Asp Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Ala Phe 
65 70 75 «0 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 



115 
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Ala Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly Gin Gly 
100 ^05 Itw 

Thr Thr Leu Thr Val Ser Ser 

(2) INFORMATIOH FOR SEQ ID NO: 18: 

( i ) S EQUEKCE CHARACTERI STICS : 

<A) USNGTH: 119 amino acids 
(B) TYPE: amino acid 
10 (C) 5TBANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 

Glv Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 



25 



00 



3$ 



Lvs Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Asn Thr Leu Phe 
65 70 75 , . ^° 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 
100 105 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 19: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
40 (D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 



45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

SO 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 
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Gly Tvr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Cys Val 

50 55 . - 

Lvs Asp Arg Phe Thr lie Ser Arg Asp. Asn 5er Lys Asn Thr tea Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly Gin Gly 
100 1*-" 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUQTCE CHARACTERISTICS: 
IB ^j^) LENGTH: 119 auDino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 

20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Phe 
50 55 60 

Lys Asp Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 

^ Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 

85 90 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly 
3.00 i05 110 

40 Thr Thr Leu Thr Val Ser Ser 

115 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 amino acids 
^ (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
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Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

, 1 • 5 10 - , ts 

Ser L©u Arg Leu ser Cys Ser Ala Sec Gxy iyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp lie 
35 40 45 

Gly Tyr lie Asn Pro ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys ser Lys Ser Thr Ala Phe Leu 
65 70 75 80 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 95 

IS Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly Thr 

100 105 110 

Thr Leu Thr Val Ser Ser 
lis 



10 



20 



25 



45 



(2) INFORMATION TOR SEQ ID NO: 22: 

(i) SEQUENCE OiARACTERXSTICS : 

(A) LENGTH: 118 amino acids 

(B) TYPE: amino acid 

(C) STRANDEO^TESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

^ Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

15 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 

20 25 30 

35 Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 

35 40 45 

Gly Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 

ASP Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
40 65 70 75 80 

Gin Met Asp Ser Leu ATg Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 95 



Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly Thr 
100 105 110 

Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 23: 

SO (i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 118 amino acids 
(B) TYPE: amino acid 
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(C) STRANDEDNESS: single 

(D) TOPOWGY: linear 

(ii) MOLECULE TVPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 23: 

Gin val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Tyr Thr Phe Thr Arg Tyr 

20 25 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp lie 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Aen Tyr Asn Lys Val Lys 
50 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
65 70 75 

Gin Met ASP Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
20 85 

Arg Tyr Tyr Asp Asp His Tyr cys Oeu Asp Tyr Trp Gly Gin Gly Ttor 

100 105 

Thr Leu Thr Val Ser Ser 
25 115 

(2) INFORMATION FOR SEQ ID NO; 24: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 118 amino acids 
(B) TYPE: amino acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 

^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Gin val Gin Leu Val Gin Ser Gly Gly Gly Val val Gin Pro Gly Arg 
1 5 10 15 

ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
40 2 0 25 

Thr Met His Trp Val* Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 *5 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
65 70 75 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys Ala 
85 90 

Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly Gin Gly Thr 
100 105 
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Thr I-eu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID KO: 25: 

5 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDMESS: single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPEi protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 25: 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

15 5 10 15 

ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met Kio Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
20 35 40 45 

Glv Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 

ASP Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
65 70 75 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys Ala 
BS 90 " 

Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly Gin Gly Thr 
100 5-05 11^ 

30 

Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH; 118 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



40 



50 



55 



(it) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 



Gin val Gin Leu val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 



1 



5 10 15 



Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 
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10 



30 



45 
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55 



Aep Arg Phe Thr He Ser Thr Asp Lys Ser Lys Asn Thr Ala Phe Leu 
65 70 7* . 

Gin Met Asp Ser Leu Arg Pro Glu ^sp Thr (Sly Val t/r Phe C>s Ala 



85 



Arg Tyr Tyr ASP Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly Thr 
100 

Thr Leu Thr Val Ser Ser 
. 115 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDMESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Gin val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 A=> 

ser Leu Arg Leu Ser cys Ser ser Ser Gly Phe He Phe Ser Ser Tyr 
20 25 

Ala Met Tyr Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 

Ala lie lie Trp Asp Asp Gly Ser Asp Gin His Tyr Ala Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 

Ala Arg Asp Sly Gly His Gly Phe Cys ser Ser Ala Ser Cys Phe Gly 

100 1*^5 

Pro ASP Tyr Trp Gly Gin Gly Thr Pro Val Thr Val Ser Ser 
115 120 

40 (2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) KOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Gin lie val Leu Thr Gin Ser Pro Ala He Met Ser Ala Ser Pro Gly 
1 5 10 " 
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Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 . 

Asn Trp Tyr Gin Gin Lys Ser Gly Thr Ser Pro Lys A^g Trp lie Tyr 
35 40 45 

ASD Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg Gly Ser 
^ 50 55 60 

Gly ser Gly Thr Ser Tyt Ser Leu Thr He Ser Gly Met Glu Ala Glu 
65 70 "^5 

Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 ^0 ^ 

Phe Gly Ser Gly Thr Lys Leu Glu lie Asn Arg 
100 105 

'5 (2) IMPORMATION FOR SEQ ID NO: 29: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
^ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



to 



25 



30 



35 



40 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

ASP lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 

L 5 . 

ASP Arq val Thr He Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
^ 20 25 30 

Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Leu Leu He Tyr 
35 40 45 

ASP Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro Glu 
65 70 75 80 

Asp He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
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Gin lie val Met Thr Gin Ser Pro Set Ser Leu Ser Ala Ser Val Gly 
Asp Arg val Thr lie Thr Cys Ser Ala Ser &er Ser Val Ser Tyr Met 



20 



Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Arg Trp He Tyr 
35 40 *^ 

ASP Thr ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 
50 

Gly ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro Glu 
65 70 . 75 

ASP He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 



Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(Xi) SKiUENCE DESCRIPTION: SEQ ID NO: 31: 

Gin He Val Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
ASP Arg val Thr He Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Arg Trp He Tyr 



35 



Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 

- 55 ^° 



50 



Gly ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro Glu 
65 70 75 

Asp He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 



B5 



Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 

^ (2) INFORMATION FOR SEQ ID NO: 32: 

(i) SBQDENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 32: 

ASD lie Gin Met Thr Gin Ser Pro Scr Ser lieu S^r'cAla Ser'^ '.-J'xr\ Gly 
1 5 lu It 

Asp Arg Val Thr lie Thr cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Arg Trp He Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro Glu 
65 70 75 80 

Asp He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 108 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDMESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
15 10 15 

Asp Arg Val Thr He Thr Cys Gin Ala Ser Gin Asp He He Lys Tyr 
20 25 30 

Leu Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Leu Leu He 
35 40 45 

Tyr Glu Ala Ser Asn Leu Gin Ala Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro 
65 70 75 80 

Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Tyr Gin Ser Leu Pro Tyr 
85 90 95 

Thr Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 



Claims 

1. A CDR-grafled antibody heavy chain having a variable region domain comprising acceptor framework 
and donor antigen binding regions wherein the framework comprises donor residues at at least one of 
positions 6. 23 and/or 24, 48 and/or 49. 71 and/or 73. 75 and/or 76 and/or 78 and 88 and/or 91 . 
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2. A CDR^grafted heavy chain according to Claim 1 comprising donor residues at positions 23. 24. 49. 71 , 
73 and 78. or at positions 23, 24 and 49. 

3. A CDfVgrafted heavy chain according to Claim 2 comprising donor residues at positions 2, 4. 6. 25. 36, 
6 37, 39. 47, 48. 93, 94. 103, 104. 106 and 107. 

4. A CDR-grafted heavy chain according to Oaim 2 or 3. comprising donor residues at one, some or afl of 
positions: 

1 and 3, 

10 69 Of 48 is different Iwtween donor and acceptor), 
38 and 46 Ctf 48 is the donor residue), 
67, 

82 and 18 (if 67 IS the donor r^due), 
91. and 

76 anyoneormoreof 9. 11,41.87.108, 110 and 112, 

6. A CDfVgrafled heavy chain according to any of the preceding comprising donor CDRs at positions 26- 
35, 50^5 and 95-100. 

20 6. A COR-grafted antibody fight chain having a variable region domain comprising accep/tor framewo* 
and donor antigen lading regions wherein the framewortc comprises donor re^dues at at least one of 
positions 1 and/or 3 and 46 and/br 47, 

7. A CDR-grafted fight chain according to Claim 6 comprising donw reside 

^ 8- A COR-grafted antibody light (^n having a variable region domain comprising acceptor framework 
and donor antigen binding regions wherein the framewori^ comprises donor residues at at least one of 
portions 46. 48. 58 and 71. 

30 9. A CDR-grafted light chain accor<Sng to Claim 8 comprising donor residues at positions 46. 48. 58 and 
71. 

10. A CDR-grafted light chain according to Claim 8 or 9. comprising donor residues at positions 2. 4. 6. 35. 
36. 38. 44. 47. 49. 62. 64-69. 85, 87. 98, 99. 101 and 102. 

11. A CDR-giafted light chain accorxfing to Claim 9 or 10. comprising donor residues at one, some or all of 
positions: 
1 and 3. 
63. 

60 fif 60 and 54 are able to form a potential saltbridge). 
70 (if 70 and 24 are able to form a potential saltbridge), 
73 and 21 (if 47 is cfifferent between donor and acceptor). 
37 and 45 frf 47 if different between donor and acceptor), and 
any one or more of 10. 12. 40. 83. 103 and 105. 

12. A CDR-grafted light chain according to any one of Claims 6-11. comprising donor CDRs at positions 
24-34. 50-56 and 89-97. 

13. A CDR-grafted antibody molecule comprising at least one CDR-grafted heavy chain according to any 
50 one of Claims 1-5 and at least one CDR-grafted light chain according to any one of aaims 6-12. 

14. A CDR-grafted antibody molecule according to Qaim 13. vrtiich is a site-specific antibody molecule. 

15. A CDR-^rafled antibody molecule according to Claim 13 which has specificity for an interteukin, 
55 hormone or other biologicaliy active compound or a receptor therefor. 

16. A CDR-grafted antibody heavy or light chain or molecule according to any one of the preceding claims 
comprising human acceptor residues and non-human donor residues. 
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17. A DNA sequence wWch codes for a CDR-grafted teavy chain according to aaim 1 or a CDR-grafted 
light Chan according to Claim 6 or Claim 8. 

ia A cloning or expression vector containing a DNA sequence according to Claim 17. 

19. A host cell transformed with a DNA sequence according to Claim 17. 

20. A process for the production of a CDR^rafted antibody sequence according to Claim 17 in a 
transformed host cell. 

21. A process for producing a CDR-grafted antibody product comprising: 

(a) prtKJudng in an expresston vector an operon having a DNA sequence which encodes an antibody 
heavy chain according to Claim 1; 

producing In an expression vector an operon having a DNA sequence which encodes a 
complementary antibody Ught chain accor<fing to Claim 6 or Claim 8; 

(c) transfecting a host celi with the or each yecton 
and 

(d) culturing the transfected cefl line to produce the CDR^afled antibody product 

22. A therapeutic or diagnostic composition comprising a CD^grafted antibody 

Claim 1, or a CDR-grafted light chain according to Claim 6 or Claim 8. or a CDR-grafted anfebody 
molecule accowfing to Claim 13 in combination with a phamiaceutically acceptable canter, diluent or 
exciptent 

2a A method of therapy or diagnosis comprising administering an effective amount of a CDR-grafted twa^ 
chabi according to Claim 1. or a CDR-grafted light chain according to Claim 6 or Qaim 8. or a CDR- 
grafted antibody molecule according to Qaim 13 to a human or animal sutjject 
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1 GAATTCCCAA AGACAAAata aatttlicaaa tqcaaatttt caocttcctq 

51 <?t»at;<??^crtq ffPtip^qtcat ^atatg<?^qa qqacaaattg ttctcaccca 

101 gtctccagca atcatgtctg catctccagg ggagaaggtc accatgacct 

151 gcagtgccag ctcaagtgta agttacatga actggtacca gcagaagtca 

201 ggcacctccc ccaaaagatg gatttatgac acatccaaac ^gc^tctgg 

.251 agtccctgct cacttcaggg gcagtgggtc tgggacetct tactctctca 

301 caatcagcgg catggaggct gaagatgctg ccacttatta ctgccagcag 

351 tggagtagta acccattcac gttcggctcg gggacaaagt ^gaaataaa 

401 ccgggctgat actgcaccaa ctgtatccat cttxccacca tccag^gagc 

451 agttaacatc tggaggtgcc tcagtcgtgt gcttcttgaa caacttctac 

501 cccaaagaca tcaatgtcaa gtggaaga'tt gatggcagtg aacgacaaaa 

551 tggcgtcctg aacagttgga ctgatcagga cagcaaagac agcacctaca 

601 gcatgagcag caccctcacg t:tgaccaagg acgagtatga acgacataac 

651 agctatacct gtgaggccac tcacaagaca tcaactteac ccattgtcaa 

701 gagcttcaac aggaatgagt gtTAGAGACA AAG6TCCTGA GACGCCACCA 

751 CCAGCTCCCA GCTCCATCCT. ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 

801 CCACAACCGC tTACCACTGT TGCGGTGCTC tAAACCTCCT CCCACCTCCT 

851 TCTCCTCCTC CTCCCTTTCC TTGGCTTTTA TCATGCTAAT ATTTGCAGAA 

901 AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 

Fig. 1(a) 



1 MDFOVOTFSF TJ.TSASVIIS RGOIVLTQSP AIMSASPGEK VTMTCSASSS 

51 VSYMNWYQQK SGTSPKRWIY DTSIOASGVP AHFRGSGSGT SYSLTISGME 

101 AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG 

151 ASWCFLNNF YPKDINVKWK IDGSERQNGV LNSKTDQDSK DSTYSMSSTL 

201 TLTKDEYERH NSYTCEATHK TSTSPTVKSF NRNEC* 

Fig. Kb) 
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1 GAATTCCCCT CTCCACAGAC ACTCAAAACT CTGACTCAAC ATCCAAAGGC 
51 ACyGGA ^ yCTT TCTACTCCT G TTGTCAGTAA CTGCAGGTGT CCACTCCCAG 
101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT 
151 GAAGATGTCC TGCAACGCTT CTGCCTACAC CTTTACTAGG TACACGA7CC 
201 ACTGGGTAAA ACAGAGCCCT GGACAGGGTC TGCAATGGAT TGGATACATT 
251 AATCCTAGCC GTGGTTXTAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 
301 CACATTGACT ACAGACAAAT CCTCCACCAC AGCCTACATG CAACTGAGCA 
351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT 
401 GATCATTACT GCCTTGACTA CTGCGGCCAA GGCACCACTC TCACAGTCTC 
451 CTCAGCCAAA ACAACACCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 
501 GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGG7 CAAGGGTTAT 
551 TTCCCTGAGC CAGT6ACCTT GACCTGGAAC TCTCGATCCC TGTCCAGTGG 
601 TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA 
651 GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 
701 AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 
751 CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA 
801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT 
851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGCTGGATGT 
901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG 
951 AAGTACACAC AGCTCAGACA CAAACCCATA GACAGGATTA CAACAGTACT 
1001 CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG 
1051 CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 
1101 AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 
1151 GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 
1201 CTGCATGGTC ACAGACTTCA TGCCTGAACA CATTTAC6TG GAGTGGACCA 
1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC ACTCCTGGAC 
1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTCG AAAAGAAGAA 
1351 CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC 
1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT 
1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA 
1501 TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA 
1551 AAAAAAAAAA AAAGGAATTC 

Fig. 2(a) 
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE 

1 MERHWIFLLt I.SVTAGVHS Q VQLQQSGAEL ARPGASVKMS CKASGYTFTR 

51 YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TOKSSSTAYM 

101 QLSSLTSEOS AVYYCARYYD DHYCIDYWCQ GTTLTVSSAK TTAPSVYPLA 

151 PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY 

201 TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC 

251 PAPNLLGGPS VFIFPPKIKD VLKISLSPIV TCVWDVSED DPDVQISWFV 

301 NNVEVHTAQT QTHREOYNST LRWSAl-PIQ HQDWMSGKEF KCKVNNKDLP 

351 APIERTISKP KGSVRAPQVY VLPPPEEEKT KKQVTLTCMV TDFHPEOIYV 

403 EWTNNCKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSWH 

4 51 EGLHNHHTTK SFSRTPGK* ir-^ 



1 23 42 

NN N N N N 

RES TYPE SBspSPESssBSbSsSssPSPSPsPSsse*s*p*Pi'ISsSe 
Okt3vl QIVLTQSPAIMSASPGEXVTMTCSASS . SVSYMHWYQQKSGT 

REI DIQMTQSPSfSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK 
? ? 

CDRl (LOOP) ******* 
CDRl (KABAT) *********** 



56 



85 



N NN 

RES TYPE *lsiPpIeesesssSBEsePsPSBSSEsPspsPsseesSPePb 
Okt3vl SPKRWIYDTSKLASGVTPAHFRGSGSGTSYSLTISGMEAEDAAT 
REI APKIXIYEASNWJAGVPSRFSGSGSGTDrrFTISSLQPEDIAT 



******* CDR2 (LOOP/KABAT) 



102 108 

RES TYPE PiPIPies**iPIIsPPS?SPSS 
0Xt3Vl YYCQQWSSNPFTFGgGTKLEINR 
REIvl YYCQQYQSLPYTFGQGTKLQITR 



Fig. 3 



****** 
********* 



CDR3 (IX>OP) 
CRD3 (KABAT) 
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NN N 23 26 32 35 N39 43 

.RES TYPE SESPs"SBssS*sSSsSpSpSPsPSEbSBssBePiPIpiesss 
Okt3h QVQMlQSGAEIMPGASVKMSCKASGYTPrRYTMHWNnCQI^^ 
KOL jjVQLVESGGGVVQPGSSLRLSCfiaSGriFSSYAKYWVRQAPGK 
? ?? 

****** CORI (LOOP) 
***** CDRl (KABAT) 



52a 60 65 N K K 82abc 89 

RES TYPE IIcIppp*ssssssss*ps*pSSsbSpseSsSseSp*pSpsSBssS''ePb 
Okt:3vh GLEWIGYINPSRGYTllTNQKn^KATLTTDKSSSTAYMQLSSLTSEOSAV 
KOL GLEWVaiIWDDGSDQHYADSVKGRFTlSRDSSKMrrLEL<JMDSLiq£EDTgV 
77 ? ? ? ? ? 

************ CDR2 (LOOP) 

******************* CDR2 (KABAT) 



92 N 107 
RES TYPE PiPIEissssiiisssbibi*EIPIP*spSBSS 

Okt3 vh YYCARYYDDHY . CLDYWGQGTTLTVSS 

KOL YUCARDGGHGFCSSASCFGPDYWGQGTEVTVSS 

***************** CRD3 (KABAT/LOOP) 

Fig. A 
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OKT 3 HEAVY CHAIN COR GRAFTS 
1. 9h34l and derivatives 



^ , 26 35 39 43 

OktSvh QVQLQQSGAELARPGASVKMSCKASGYTTPRYIMIWVKQRPGQ 

gH341 QVQLVESGGGWQPGRSLRLSCSSfUSYTrTRYniHWVRQAPGK JA178 

gH341A QVQLVfiSGCGWQPGRSLRLSCaiSqYTnRYlMHWVRQAPGK JA185 

gH341E OVQLVfiSGGGWQPGRSUasqaffrTYTFTRYlllHWVRQAPGK JA198 
gH341* QVQLVfiSGGGWQPGRSIJU^qaSGYTFTRY'niHWVRQ^^^ 

gH341* QVOLVfiSGGGWOPGRSLRLSqaSGYTFTRYTWHWVRQAPGK JA209 

gH3410 QVQLVgSGCGVVQPGRSIJa^CiaPrTYTmYTllHWVRQM'GK JA197 

gH341* QVOLVgSGGGWQPGRSLRLSC £ASGYTFTRYT«H WVRQAPGK JA199 

gH341C QVQLVaSCGGVVQPGRSLRLSqaSGYTmYTWHWVRQAPGK JA184 



gH341* OVOLVaSGGGWQPGRSLRI>SCS&SgYTrrRYTMHWVRQAPGK 

gH341* QVQLVESGGGWQPGRSLRLSCS&SGYTFTRYTMHWVROAPGK 

gH341B QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTWHWVRQAPGK 

gH341* QVQLVgSGGGWQPGRSLRLSCS&ffffYTmYTOHWVRQAPGK 

gH341* QVQLVESGGGWQPGRSLRLSCSasrrYTmYTHHWVRQAPGK 

qH341* QVQLVgSGGGWQPGRSLRLSCS ^SGYTrrRVTHH WVROAPGK 

KOL QVQLVESGGGWQPGRSLRI^SCSSSGFIFSSYAHYWVRQAPGK 



JA203 
JA205 
JA183 
JA204 
JA206 
JA208 



Fig.5(i) 
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44 



50 



83 



Okt3vh 

gH341 

gH341A 
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